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Introduction 


iP 


Introduction 





Note: These Accessory Design Guidelines for Apple Devices ('Guidelines') are subject to the terms 
and conditions set forth on the final page of this document. By downloading, accessing, or otherwise 
utilizing these Guidelines, you agree to be bound by, and only utilize the Guidelines in accordance 


with, such terms and conditions. 





1.1 Purpose of This Specification 


These guidelines address: 


The physical design of cases, covers, screen overlays, and camera attachments for iOS devices. 

The specifications for hardware accessories that use the Bluetooth transport to communicate with iOS 
devices and Mac computers. 

The design of Qi wireless power transmitters for iOS devices. 


These guidelines do not address other aspects of accessory communication with iOS devices. Instead, see the 
MFi Program (https://developer.apple.com/programs/mfi/). 


1.2 Requirements, Recommendations, and Permissions 


This specification contains statements that are incorporated by reference into legal agreements between Apple 
and its licensees. The use of the words must, must not, required, shall, shall not, should, should not, recommended, 
not recommended, may, optional, and deprecated in a statement have the following meanings: 


must, shall, or required means the statement is an absolute requirement. 

must not, shall not or prohibited means the statement is an absolute prohibition. 

should or recommended means the full implications must be understood before choosing a different course. 
should not or not recommended means the full implications must be understood before choosing this 
course. 

may or optional means the statement is truly optional, and its presence or absence cannot be assumed. 


deprecated means the statement is provided for historical purposes only and is equivalent to ‘must not’. 
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1. Introduction 
1.3 Terminology 





The absence of requirements, recommendations, or permissions for a specific accessory design in this 
specification must not be interpreted as implied approval of that design. Developers are strongly encouraged 
to ask Apple for feedback on accessory designs that are not explicitly mentioned in this specification. 


1.3 Terminology 


1.3.1 Device 


Device and iOS device refer to an iPhone, iPad, or iPod running iOS. 


Where appropriate, specific Apple product and operating system references will also be used. 


1.3.2 Accessory 


Accessory refers to any product that connects to a device via the interfaces described in this specification. 
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Accessories 


2. All Accessories 


The requirements in this section apply to all accessories regardless of their feature sets. 


2.1 Attachments 


Accessories must remain compliant with the specification when connected to any attachments designed for 
that accessory. 


Examples of accessory attachments include, but are not limited to: 


¢ Car or desk mounts for a case accessory. 
e Wireless charging mats for a dongle or case accessory. 
¢ Detachable barcode scanners/credit card readers for a dock accessory. 


2.2 Magnetic Interference 


Apple recommends avoiding the use of magnets and metal components in accessories. 


All accessories claiming compatibility with a device that has a digital compass (magnetometer) must minimize 
interference with the digital compass and must not repeatedly trigger compass recalibration. 


All accessories claiming compatibility with a device that has rear camera autofocus (AF) and/or optical image 
stabilization (OIS) features must not affect the operation of these features. 


2.3 Radio Frequency (RF) Performance 


This section contains RF performance requirements and recommendations for all accessories. 


2.3.1 Materials and Coatings 


Accessories should avoid use of: 


¢ Metals 
¢ Conductive materials or coatings 
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2. All Accessories 
2.3 Radio Frequency (RF) Performance 





¢ Materials with high dielectric (permittivity >5 F/m) 


Such materials absorb radio frequency energy and may impair or degrade the performance of antennas for 
cellular communication, GPS, Wi-Fi, Bluetooth, and NFC. 


Examples include (but are not limited to) the following: 


e Steel, aluminum, magnesium, titanium, etc. 

¢ Plastics with any carbon content 

e Plastics with any glass content 

e Plastics with metallic plating 

¢ Metallic paints 

¢ Black paints with high carbon loading 

¢ White paints with high titanium dioxide loading 
e Metallic Physical Vapor Deposition (PVD) coatings 


2.3.2 Antenna Keep-Out 


Antenna keep-out regions (also labeled as "No Metal Contact") can be found in the device dimensional drawings, 
see Device Dimensional Drawings (page 91). 


Accessory materials or coatings that absorb radio frequency energy (see Materials and Coatings (page 16)) in 
the antenna keep-out region have a higher risk of degrading device wireless performance. 


2.3.3 Over The Air (OTA) 


Accessories must not excessively degrade the device's RF transmission efficiency. This can be quantified by 
measuring Total Radiated Power (TRP) across all of the device's operating bands. 


Accessories must not excessively degrade the device's RF reception sensitivity. This can be quantified by 
measuring Effective Isotropic Sensitivity (EIS) across all of the device's operating bands. 


Accessories may have a higher risk of excessively degrading device RF performance if they: 


¢ Contain magnets. 
e Intrude on device antenna keep-out zones, see Antenna Keep-Out (page 17). 
¢ Contain active electronic circuitry, such as: 

e Bluetooth radios. 

e Switched-mode power supplies. 

¢ High speed data interfaces. 


All accessory configurations must be taken into account when designing for maximum RF compatibility. 
Examples include, but are not limited to: 
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2. All Accessories 
2.4 Qi Wireless Power 





e Accessory on/off. 
e Accessory open/closed. 
e Attachment present/not present, see Attachments (page 16). 


2.3.4 Near Field Communication (NFC) 


Accessories that intrude on device antenna keep-out zones (see Antenna Keep-Out (page 17)) and claim 
compatibility with a device with NFC must not degrade device NFC transaction performance. 


The following devices are NFC enabled: 


e iPhone XS Max 


e iPhone XS 

e iPhone XR 

e iPhone X 

e iPhone 8 Plus 
e iPhone 8 

e iPhone 7 Plus 
e iPhone 7 

e iPhone SE 

e iPhone 6s Plus 
e iPhone 6s 

e iPhone 6 Plus 
e iPhone 6 


2.4 Qi Wireless Power 


Accessories that incorporate a Qi transmitter or receiver must be certified according to The Qi Power Transfer 
System, Power Class 0 standard, version 1.2.4, see https://www.wirelesspowerconsortium.com. 
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3. Cases 


Accessories that substantially enclose devices must comply with the requirements stated in this chapter unless 
the accessory supports other features in this specification whose requirements conflict with the requirements 
in this chapter. 


If the accessory has multiple user-detachable components that substantially enclose the device, the requirements 
and/or overrides must be applied to each component separately. 


3.1 Product Design 


A well-designed case will securely house a device while not interfering with the device's operation. Significant 
factors in mechanical design include access to the device's sensors, controls, and connectors. Dimensional 
drawings for devices can be found in Device Dimensional Drawings (page 91). 


3.1.1 Device Protection 


Cases must protect the device from a 1 m drop onto a hard paved surface in any device orientation. Specifically, 
exposed glass on the device must not come within 1 mm of a flat surface, such as a table or floor, in any 
orientation when the case is attached. This may be achieved by either covering the exposed glass or creating 
features around it that will space the exposed glass at least 1 mm away from the flat surface. 


Care should be given to the design of the bottom of the case to achieve both device protection and access to 
device speakers, microphones, and connectors. For instance, the bottom of iPhone X cases should: 


¢ Not have an opening wider than 50 mm (see dimension A in Figure 3-1 (page 20)). 
¢ Be made of polycarbonate (PC) at least 1.15 mm thick (see dimension B in Figure 3-1 (page 20)). 
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3. Cases 
3.1 Product Design 





Figure 3-1 —_ Device Protection 


CO: OO : ®@ 


3.1.2 Access to Inputs and Interconnects 


The accessory must readily permit the user to access inputs and interconnects. 


3.1.2.1 Access to Controls 


The accessory must readily permit the user to access and operate the device's mechanical controls, such as: 


¢ Volume buttons 

e Ring/Silent switch 

e Side button 

¢ Home/Touch ID sensor 
¢ Home button 

e Sleep/Wake button 


3.1.2.2 Access to the Headset Jack and Lightning Connector 


The accessory must provide ready access to a device's headset jack. The headset jack opening (i.e., keep-out 
area) must be at least 6.0 mm in diameter and at most 14.0 mm deep. At least 6.5 mm in diameter and at most 
10.0 mm deep is recommended for best compatibility with a range of headsets. 
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3. Cases 
3.1 Product Design 





The accessory must also provide unobstructed access to the Lightning connector. 


If the accessory is for a device with the Lightning connector, the opening (i.e., keep-out area) must be at least 
12.05 mm by 6.30 mm with full radii rounded edges. 13.65 mm by 6.85 mm is recommended for best 
compatibility with a range of cables and docks. 


In addition, the headset jack and Lightning connector openings must be designed with enough margin to 
compensate for shifting or dimensional changes of the accessory material. 


3.1.2.3 Access to the Smart Connector 


Accessories that do not make use of the Smart Connector must not expose it. 


3.1.2.4 Touchscreen 


The accessory should not have any edges that can collect water on the touchscreen area when the device is 
held at a 30° angle relative to the horizon. 


Accessories must allow a 120° opening along the edges of the active area of the touchscreen to ensure 
compatibility with the device touchscreen features. See Figure 3-2 (page 21) for more information on the 
keep-out and Device Dimensional Drawings (page 91) device specific active display areas. 


Figure 3-2 Touchscreen keep-out area 


3.1.2.5 Cover Glass Contact 


Cases that claim compatibility with the following devices should not contact the cover glass as defined in their 
dimensional drawings: 
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3. Cases 
3.2 Acoustics 





e iPhone XS Max 


e iPhone XS 

e iPhone XR 

e iPhone X 

e iPhone 8 Plus 
e iPhone 8 

e iPhone 7 Plus 
e iPhone 7 

e iPhone 6s Plus 
e iPhone 6s 

e iPhone 6 Plus 
e iPhone 6 


See Device Dimensional Drawings (page 91). 


3.1.3 Dock Compatibility 


For compatibility with docks, the distance from bottom of the device to the outside of a case should not exceed 
1.8mm. 


3.1.4 Qi Wireless Power and Rear Pockets 


Cases that claim compatibility with the Qi wireless power feature in devices must not have rear pockets or 
holders for credit cards, RFID cards, or other similar items. Cards may be damaged and/or impact wireless 
charging performance. 


3.2 Acoustics 


The accessory must not impair or degrade the acoustic performance of a device. 


3.2.1 Call Quality 


The accessory must not impair or degrade the user's experience making and receiving both audio calls over a 
cellular network or audio/video calls using FaceTime in both handset and speakerphone modes. The accessory 
should not change the frequency response of the speakers or microphones. In addition, the user should not 
hear any distortion or echo resulting from the accessory. 


The accessory must not obstruct any microphones during a phone call. Note that occluding any microphones 
can result in call quality degradation. 
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3. Cases 
3.2 Acoustics 





3.2.2 Speaker to Microphone Coupling 


Cases must not facilitate the conduction of sound from any speaker to any microphone. Such sound conduction 
may cause echoing in phone calls. 


3.2.3 Speaker/Microphone Openings 


Device speaker/microphone port locations vary from model to model, see Device Dimensional Drawings (page 
91). 


3.2.3.1 Thin Cases (<2.25 mm) 


Microphone/speaker openings in thin cases should: 


° Be offset at least 2.0 mm from the edge of any device speaker/microphone port. 
¢ Beat most 1.5 mm thick along their inner diameter. 

¢ Have amaximum 45° incoming angle to their inner diameter. 

e Maintain a proper seal against the device between speaker/microphone ports. 


Figure 3-3 Microphone/speaker opening recommendations for thin cases 


Case edge thickness < 1.5mm 


Offset from port opening = 2.0mm Case edge incoming angle < 45° 





Case < 2.25mm 


Device 
Housing 








Case edge must make contact 


Port with device housing 


3.2.3.2 Thick Cases (>2.25 mm) 


Speaker and microphone openings should be channeled independently and without interruption to/from the 
outside surface of a thick case. 
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3. Cases 
3.2 Acoustics 





Figure 3-4 _—— Thick case acoustic channels 


Continuous separator 














Mic channel Speaker channel 
Case b 2.25mm 
Device 
Housing 
vp Ss a 
Mic port Speaker port 


Thick cases should maximize exit separation between speaker and microphone channels. 


Figure 3-5 ~—‘ Thick case microphone and speaker exit separation 
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Thick case channels may act as a resonant chamber and detune microphone/speaker frequency response. The 
resulting frequency response may vary according to channel size/shape. 


If a thick case does not maintain a proper seal against the device between microphone/speaker channels, the 
case itself may become an acoustic chamber. 
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3. Cases 
3.3 Ambient Light Sensor and Proximity Sensor Interference 





Figure 3-6 Improper thick case seal 
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3.3 Ambient Light Sensor and Proximity Sensor Interference 


The ambient light sensor and proximity sensor locations for various devices are shown in the dimensional 
drawings cited in Device Dimensional Drawings (page 91). Some of the dimensional drawings specify a 
recommended keep-out area around these sensors. No material must be allowed to cover these sensors or 
their keep-out areas, this includes films and privacy screens. Accessories that allow the device to slide around 
must not obstruct any sensors. 


3.4 Taptic Engine 


Accessories should not cause substantial change in the feel of the device's Taptic Engine. 
The following devices contain a Taptic Engine: 


e iPhone XS Max 


e iPhone XS 

e iPhone XR 

e iPhone X 

e iPhone 8 Plus 
e iPhone 8 

e iPhone 7 Plus 
e iPhone 7 

e iPhone 6s Plus 
e iPhone 6s 
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3. Cases 
3.5 Magnetic Interference 





3.5 Magnetic Interference 


Cases must not interfere with the device's: 


¢ Magnetic compass. 
e Rear camera autofocus. 
e Rear camera OIS (if present). 


See Magnetic Interference (page 16) for additional details. 


3.6 Home Button / Touch ID Sensor 


Accessories must not inhibit use of the device's Home button / Touch ID sensor including features such as 
Touch ID fingerprint recognition. 


Home button / Touch ID sensor keep-outs for devices can be found in Device Dimensional Drawings (page 
91). 


Additionally, accessories that overlay the iPhone 8 Plus, iPhone 8, iPhone 7 Plus, and iPhone 7 Home button / 
Touch ID sensor may cause users to have difficulty using the Home button / Touch ID sensor. 


3.7 Camera 


The field of view (FOV) of the camera and the illumination provided by the flash are designed for each device 
camera. It is imperative that manufacturers consult technical specifications released for each device and do 
not assume these parameters are shared between devices. 


Images from the camera may be affected by the geometry, color, and surface finish of the accessory openings 
for camera and applicable flash. 


3.7.1 Geometry 


The camera lens FOV must not be blocked. Making the accessory opening too small around the camera and 
flash may block the FOV of the lens and the illumination from the flash. Blocking the FOV may cause vignetting 
in the image, where one or more corners of the image reproduced are darker than the center. Blocking marginal 
rays just outside the FOV of the lens may also reduce the sharpness and contrast of the image. Blocking the 
illumination from the flash may cause haze in the image, which resulting in reduced contrast. See Device 
Dimensional Drawings (page 91) for the camera keep-out. 
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3. Cases 
3.7 Camera 





The accessory opening must not be designed in a way that directs stray light into the camera. If the opening 
is too narrow or too steep, it may reflect light into the camera, washing out the image or adding an unwanted 
color cast. Adding a chamfer to the accessory opening trim may help to direct stray light away from the camera. 
Additionally, where the product is equipped with a flash, a narrow or steep opening may reflect light from the 
accessory opening back into the camera. This may cause the image to appear washed out or contain unwanted 
artifacts. Designers should ensure that the mechanical keep-outs outlined in the device dimensional drawings 
(Device Dimensional Drawings (page 91)) are maintained with worst-case X-Y placement tolerances to minimize 
the risk of haze. 


3.7.2 Color 


Any light reflected from the accessory may pick up the color of the accessory. Black material or black coating 
may help avoid color bleeding into the camera from an external light source or the flash. The darker the color, 
the less light may be reflected from the source into the camera. 





Note: Apple recommends a semi-gloss black material or coating around the camera and flash 
opening. 





3.7.3 Surface Finish 


The flash is a strong source of light and reflections from the camera accessory opening trim should be managed 
so that they do not reflect back into the camera. Semi-gloss material may direct light away from the camera. 
Matte or diffuse materials scatter light in all directions and will increase the likelihood that light from the flash 
or strong light sources in the scene is reflected into the camera. 


3.74 Image Degradation Examples 


Figure 3-7 Sample image degradation by image blocking in ambient condition 


e e e e | Pr. e a | 


Reference Degraded 
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3. Cases 
3.8 Reliability 





Figure 3-8 Sample image degradation by color shift through accessory with strong color 





Reference Degraded 


Figure 3-9 Sample image degradation by flash interference 





Reference Degraded 


3.8 Reliability 


Cases for devices must be tested to verify that they will withstand long-term use under typical use conditions, 
and that they do not impair or degrade the functionality of the device, damage it or its immediate surroundings, 
or adversely affect the user. 


3.8.1 Device Insertion and Removal 


The case must hold the device securely while permitting its easy insertion and removal. The case and the 
enclosed device must not be damaged by the repeated insertion and removal of the device from the case 
under conditions representative of long-term use in a variety of environments. 


3.8.2 Colorfastness 


Any dyes, inks, or coatings in or on the case must not bleed color onto either the device or its user, particularly 
while the case is in contact with common substances, such as water or sunscreen. 
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3. Cases 
3.9 Environmental 





3.9 Environmental 


Accessories must comply with applicable environmental regulations in the regions in which such accessories 
are to be sold, and any applicable substance or material restrictions, including applicable restrictions on the 
following substances: 


© Organic tin compounds, PFOS, PFOA, phthalates, azo dyes, polybrominated biphenyls (PBBs) and PAHs, 
per requirements of the EU REACh regulation EC 1907/2006. 

e Nickel leach rate on surfaces in prolonged skin contact, per requirements of the EU REACh regulation EC 
1907/2006. 

¢ Cadmium, lead, hexavalent chromium, and nickel, per requirements of EU Directive 2009/48/EC. 

e Natural rubber latex, per requirements of EU Directive EC 93/42/EEC. 

¢ Dimethylfumarate (DMFu), per requirements of EU Regulation 412/2012. 

e pH and Formaldehyde, per requirements of China GB 18401 for textiles and China GB 20400 for leather. 

e Endangered species of flora and fauna in products or packaging (US Lacey Act). 

¢ Polybrominated diphenyl ethers (PBDE). 

¢ Compliance with California proposition 65, as applicable. 


3.10 Test Procedures 


3.10.1 Required Device Models 


Case testing procedures vary depending on the device they enclose. 


3.10.1.1 iPhone XS Max 


Table 3-1 iPhone XS Max Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone XS Max 





Taptic Engine (page 35) iPhone XS Max 





Acoustics (page 37) iPhone XS Max 





3.10.1.2 iPhone XS 


Table 3-2 iPhone XS Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone XS 





Taptic Engine (page 35) iPhone XS 





Acoustics (page 37) iPhone XS 
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3. Cases 
3.10 Test Procedures 





3.10.1.3 iPhone XR 


Table 3-3 iPhone XR Case Testing Matrix 


Test Using Notes 
Product Design (page 33) iPhone XR 
Taptic Engine (page 35) iPhone XR 
Acoustics (page 37) iPhone XR 














3.10.1.4 iPhone X 


Table 3-4 iPhone X Case Testing Matrix 


Test Using Notes 
Product Design (page 33) iPhone X 
Taptic Engine (page 35) iPhone X 
Acoustics (page 37) iPhone X 














3.10.1.5 iPhone 8 Plus/iPhone 7 Plus 


Table 3-5 iPhone 8 Plus/iPhone 7 Plus Case Testing Matrix 


Test 














Using Notes 
Product Design (page 33) iPhone 8 Plus and iPhone 7 Plus 
Taptic Engine (page 35) iPhone 8 Plus and iPhone 7 Plus 
Home Button / Touch ID Sensor Overlays (page 36) iPhone 8 Plus and iPhone 7 Plus 
Acoustics (page 37) iPhone 8 Plus and iPhone 7 Plus 





It is not possible for a case to claim compatibility with only the iPhone 8 Plus or only the iPhone 7 Plus. 


3.10.1.6 iPhone 8/iPhone 7 


Table 3-6 iPhone 8/iPhone 7 Case Testing Matrix 














Test Using Notes 
Product Design (page 33) iPhone 8 and iPhone 7 
Taptic Engine (page 35) iPhone 8 and iPhone 7 
Home Button / Touch ID Sensor Overlays (page 36) iPhone 8 and iPhone 7 
Acoustics (page 37) iPhone 8 and iPhone 7 





It is not possible for a case to claim compatibility with only the iPhone 8 or only the iPhone 7. 
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3. Cases 
3.10 Test Procedures 





3.10.1.7 iPhone 6s Plus/iPhone 6 Plus 


Table 3-7 iPhone 6s Plus/iPhone 6 Plus Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone 6s Plus and iPhone 6 Plus 





Taptic Engine (page 35) iPhone 6s Plus 


It is not possible for a case to claim compatibility with only the iPhone 6s Plus or only the iPhone 6 Plus. 


3.10.1.8 iPhone 6s/iPhone 6 


Table 3-8 iPhone 6s/iPhone 6 Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone 6s and iPhone 6 





Taptic Engine (page 35) iPhone 6s 





It is not possible for a case to claim compatibility with only the iPhone 6s or only the iPhone 6. 


3.10.1.9 iPhone 5/iPhone 5s/iPhone SE 


Table 3-9 iPhone 5/iPhone 5s/iPhone SE Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone SE 





It is not possible for a case to claim compatibility with only the iPhone 5 or only the iPhone 5s or only the 
iPhone SE. 


3.10.1.10 iPhone 5c 


Table 3-10 iPhone 5c Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPhone 5c 





3.10.1.11 iPad Pro (10.5-inch) 


Table 3-11 iPad Pro (10.5-inch) Case Testing Matrix 


Test Using Notes 
Product Design (page 33) iPad Pro (10.5-inch) 
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3. Cases 
3.10 Test Procedures 





3.10.1.12 iPad Pro (12.9-inch) 2nd Generation 


Table 3-12 iPad Pro (12.9-inch) 2nd Generation Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad Pro (12.9-inch) 2nd Generation 





3.10.1.13 iPad (5th and 6th generation) 


Table 3-13 iPad (5th and 6th generation) Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad (5th generation) or iPad (6th generation) 





3.10.1.14 iPad Pro (9.7-inch) 


Table 3-14 iPad Pro (9.7-inch) Case Testing Matrix 


Test Using Notes 
Product Design (page 33) iPad Pro (9.7-inch) 








3.10.1.15 iPad Pro (12.9-inch) 1st Generation 


Table 3-15 iPad Pro (12.9-inch) 1st Generation Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad Pro (12.9-inch) 1st Generation 





3.10.1.16 iPad mini 4 


Table 3-16 iPad mini 4 Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad mini 4 





3.10.1.17 iPad mini/iPad mini 2/iPad mini 3 


Table 3-17. iPad mini/iPad mini 2/iPad mini 3 Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad mini 3 





It is not possible for a case to claim compatibility with only the iPad mini or only the iPad mini 2 or only the 
iPad mini 3. 
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3. Cases 
3.10 Test Procedures 





3.10.1.18 iPad Air 2 


Table 3-18 iPad Air 2 Case Testing Matrix 


Test Using Notes 
Product Design (page 33) iPad Air 2 











3.10.1.19 iPad Air 


Table 3-19 iPad Air Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad Air 





3.10.1.20 iPad (4th generation) 


Table 3-20 iPad (4th generation) Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPad (4th generation) 





3.10.1.21 iPod touch (5th generation)/iPod touch (6th generation) 


Table 3-21 iPod touch (5th generation)/iPod touch (6th generation) Case Testing Matrix 


Test Using Notes 





Product Design (page 33) iPod touch (6th generation) 





It is not possible for a case to claim compatibility with only the iPod touch (5th generation) or only the iPod 
touch (6th generation). 


3.10.2 Product Design 


3.10.2.1 Equipment 


e Device. 

¢ Apple Lightning Digital AV Adapter 

e Vernier calipers 

¢ 0.85 mm plastic feeler gauge 

e EarPods with 3.5 mm Headphone Plug 

e Touchscreen test block (provided by Apple) 
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3. Cases 


3.10 Test Procedures 





3.10.2.2 Procedure 


ye wn = 


Insert the device into the case. 

Verify that the device completely fits inside the case. The device must not be loose. 

Verify that all buttons are accessible. 

Inspect for button feel. The buttons must not be too hard to press or take a lot of effort to press. 

For devices that have an Apple Lightning connector: 

a. Insert the Apple Lightning Digital AV Adapter into the Lightning receptacle and verify that it fits. 

b. Using vernier calipers, measure the Lightning connector opening on the case. Verify that the opening 
is measured to be at least 12.05 mm by 6.30 mm. 

For devices that have a 3.5 mm headset jack: 

a. Insert EarPods with 3.5 mm Headphone Plug into the headset jack of the device and verify it fits. 

b. Using vernier calipers, measure the headset jack opening on the case. Verify that the opening is 
measured to be at least 6 mm in diameter and no more than 14 mm deep. 

For devices with Touch ID, use vernier calipers to verify that the case is at least 2 mm away from the Touch 

ID sensor. 

Verify that the case is always proud of the feeler gauge when the gauge is placed at each corner of the 

device. See Figure 3-10 (page 34). 


Figure 3-10 Device proudness test 


©O 6) y 


© Y 
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3. Cases 
3.10 Test Procedures 





9. Set the device flat on its face (screen facing down). 

10. Roll the device towards any side that is not enclosed by the case until the gap between the device's exposed 
glass and flat surface is smallest. 

Tl. Verify that the feeler gauge fits into the gap between the device's exposed glass and flat surface. 


Figure 3-11 Device gap test 





12. Place the touchscreen test block onto the touchscreen of the device. Verify the test block is sitting flush 
on the touchscreen. 


Figure 3-12. Device touchscreen keep-out test 





13. If the case has an overlay, verify that there are no air gaps introduced between it and the touchscreen. 


3.10.3 Taptic Engine 


3.10.3.1 Equipment 


¢ Two devices A and B, same model 
e Table 
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3. Cases 
3.10 Test Procedures 





3.10.3.2 Procedure 


Attach the case to device B 
Place device A on top of the table. 
Place device B on top of the table next to device A. 


RwN > 


Compare the Taptic Engine feedback between device A and device B for each of the following tasks: 
a. Go to: Settings -> Sound & Haptics, set "Vibrate on Silent" to the on position. 

b. Toggle the Ring/Silent switch. 

c. Connect a charger to both devices. 

d. Go to: Settings -> Notifications -> Phone -> Sounds, select Reflection (Default). 

e. Go to: Settings -> Notifications -> Messages -> Sounds, select Note (Default). 

f. Goto the Home screen. 

g. Trigger a Quick Actions menu by applying pressure to the Settings app. Continue applying pressure. 
h. Slide your finger across the Quick Actions menu and release when Wi-Fi is selected. 

i. Goto the Home screen. 

j. Apply pressure to the Home app. 

k. Goto: Clock app and select Timer on the bottom right. 

I. Scroll through the hour and minutes. 

For devices that have a Home button, perform the following tasks: 

a. Go to: Settings -> General -> Home Button, tap option 2. 

b. Press the Home button. 

5. Repeat the above tasks while holding device A in the left hand and device B in the right hand. 


3.10.3.3 Pass/Fail Criteria 


The case does not cause substantial change in the feel of the device's Taptic Engine. 


3.10.4 Home Button / Touch ID Sensor Overlays 


This test procedure is applicable to all iPhone 8 Plus, iPhone 8, iPhone 7 Plus or iPhone 7 accessories that 
overlay the Home button or the Touch ID sensor. 


3.10.4.1 Equipment 


¢ Nitrile gloves (e.g. Ansell TNT Blue) 
e Ethyl alcohol hand sanitizer (e.g. Purell) 
e Scissors 


3.10.4.2 Procedure 


1. Cut off a square of material from the nitrile glove's wrist portion. 
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3. Cases 
3.10 Test Procedures 





2. Install the accessory onto the device. 
Press the sleep/wake or side button to place the device into a sleep state (display off). 
4. Place the square of nitrile glove material over the device's Home button / Touch ID sensor with the glove's 
outer side facing away from the device. 
5. Apply a small amount of hand sanitizer (approximately dime-sized) to the nitrile over the Home button / 
Touch ID sensor. 
6. Repeat the following steps 10 times: 
a. Press the Home button / Touch ID sensor with a thumb. 
b. Verify that the device wakes (display on). 
c. Press the sleep/wake or side button to place the device into a sleep state (display off). 
7. Repeat the following steps 10 times: 
a. Press the Home button / Touch ID sensor with an index finger. 
b. Verify that the device wakes (display on). 
c. Press the sleep/wake or side button to place the device into a sleep state (display off). 


3.10.4.3 Pass/Fail Criteria 


The device must wake every time the Home button / Touch ID sensor is pressed. 


3.10.5 Acoustics 


The following test procedures apply to devices with a built in speaker and/or microphone. 


3.10.5.1 Speakerphone Call 


This procedure evaluates the impact of a case on the speakerphone performance of a device. 


3.10.5.1.1 Equipment and Test Setup 


This procedure requires two operators in separate quiet rooms. 
Room A: 


¢ Operator A 
e The device (with cellular service) used to evaluate the case 
e The device should have at least two out of five bars of cellular reception within the room. 


Room B: 


¢ Operator B 
e Landline speakerphone 
¢ Digital audio recorder (e.g., a device with the Voice Memo app) 
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3.10 Test Procedures 





3.10.5.1.2 Pass/Fail Criteria 


There are two categories of failure for this procedure: 


Echo: If Operator B hears their own voice from the landline. 
Double Talk: If Operator B hears Operator A inconsistently. 


The pass/fail threshold for these two categories should be established by performing the test procedure using: 


The device (without the case) as a reference. 


There should be no perceivable difference between the reference and the test conducted with the case on 


the device. 


3.10.5.1.3 Procedure 


wap Wwn po 


pp OND 


Operator A: Use the device (without a case) in Room A to call the landline phone in Room B. 
Operator A: Place the device in speakerphone mode. 
Operator B: Answer the call with the landline phone in Room B. 
Operator B: Place the landline phone in speakerphone mode. 
Operator A and B: Simultaneously recite the following phrases to evaluate the call quality: 
a. The birch canoe slid on the smooth planks. 
b. Glue the sheet to the dark blue background. 
It's easy to tell the depth of a well. 
These days a chicken leg is a rare dish. 
Rice is often served in round bowls. 


The box was thrown beside the parked truck. 


c 

d 

e 

f. The juice of lemons makes fine punch. 

9 

h. The hogs were fed chopped corn and garbage. 


i. Four hours of steady work faced us. 


j._ Large size in stockings is hard to sell. 


Operator B: Evaluate the call. Ensure that the call is clear when there is no case on the device. 

Operator A: Place the case on the device. 

Operator B: Start audio recording using a digital audio recorder. 

Operator A: State the test date and identify the manufacturer name, product name, and a unique identifier 
(UID) for case (production run name, design version, etc.). 


. Operator A and B: Simultaneously recite the same phrases as above. 
. Operator B: Stop audio recording. 
. Operator B: Evaluate the recording against the pass/fail criteria, see Pass/Fail Criteria (page 38). 
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3.10 Test Procedures 








Note: The phrases used for this test procedure are from "IEEE Recommended Practice for Speech 
Quality Measurements," in IEEE Transactions on Audio and Electroacoustics, vol. 17, no. 3, pp. 225-246, 
September 1969. 
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4. Covers 


This chapter is applicable to accessories that cover device displays. 


4.1 Magnetic Interference 


Accessory covers must not interfere with the device's: 


Magnetic compass. 
Rear camera autofocus. 
Rear camera OIS (if present). 


See Magnetic Interference (page 16) for additional details. 


4.2 Smart Covers 


Dimensional drawings indicating magnet and Hall effect sensor locations are available for the following devices: 


iPad Pro (10.5-inch) Magnet/Hall Effect Sensors (page 110) 

iPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors (page 114) 
iPad (5th and 6th generation) Magnet/Hall Effect Sensors (page 117) 

iPad Pro (9.7-inch) Magnet/Hall Effect Sensors (page 121) 

iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors (page 125) 
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5. Screen Overlays 


The touch interface in a device senses the presence of one or more fingers on its surface. Any material between 
the surface and the user's hand, even a very thin sheet of plastic, may affect the performance of the touch 
interface. 


5.1 Product Design 


The screen overlay thickness must not exceed 0.1 mm for the following devices: 


e jPad (6th generation) 

e iPad Pro (10.5-inch) 

e iPad Pro (12.9-inch) 2nd Generation 
e iPad Pro (9.7-inch) 

e jPad Pro (12.9-inch) 1st Generation 


The screen overlay thickness must not exceed 0.3 mm for all other devices. 
Additionally, screen overlays must not: 


e Introduce air gaps between the touchscreen and overlay. 
¢ Be electrically conductive. 


5.2 Edge Swipe Gestures 


Users must be able to easily use iOS edge swipe gestures even if a screen overlay is present. 
Examples of such gestures include, but are not limited to: 


¢ Bringing up Control Center or Notification Center. 
¢ Swiping 'back' from apps that use edge swipe gestures, such as Messages. 
e Swipe up for Home, App Switcher or Reachability. 


The following devices make extensive use of edge swipe gestures in both portrait and landscape orientations: 


e iPhone XS Max 
e iPhone XS 
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5. Screen Overlays 
5.3 Edge Press Gestures 





e iPhone XR 
e iPhone X 


5.3 Edge Press Gestures 


Users must be able to easily use iOS edge press gestures even if a screen overlay is present. 
The following devices support edge press gestures: 


e iPhone 8 Plus 


e iPhone 8 

e iPhone 7 Plus 
e iPhone 7 

e iPhone 6s Plus 
e iPhone 6s 


An edge press gesture is used to bring up the task switcher in iOS 9.0 and later. 
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6. Camera Attachments 


This chapter is applicable to accessories that intentionally alter the images captured by device cameras. 


6.1 Magnetic Interference 


Accessory camera attachments must not interfere with the device's: 


e Magnetic compass. 
e Rear camera autofocus. 
e Rear camera OIS (if present). 


See Magnetic Interference (page 16) for additional details. 
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7. Apple AirPods Attachments 


This chapter is applicable to accessories that attach to Apple AirPods. 


7.1 Interference 


Accessory AirPods attachments must not interfere with the keep-out areas specified in Figure 7-1 (page 45). 
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7. Apple AirPods Attachments 


7.1 Interference 


Figure 7-1 
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Bluetooth 


8. Bluetooth Introduction 


To be compatible with iOS devices and Mac computers, both current and future, Bluetooth accessories should 
follow the guidelines in this specification. iOS devices and Mac computers may make feature availability 
contingent on the Bluetooth accessory following these specifications. 


8.1 Apple Bluetooth Development Mailing List 


Questions or comments can be posted to the Apple mailing list for Bluetooth development, mailto:bluetooth- 
dev@lists.apple.com. See http://lists.apple.com/mailman/listinfo/bluetooth-dev to join the mailing list. 


Engineers on the Apple Bluetooth development team monitor this mailing list and will try to answer your 
questions. Apple recommends searching the archives to see if a topic has already been discussed before starting 
a new thread. 
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9. Bluetooth 


Accessories that integrate Bluetooth technology must comply with the requirements stated in this chapter. 


Every accessory that is compatible with a device must support the Bluetooth Core Specification Version 2.1 + 
EDR or higher. This specification introduced the important security feature Secure Simple Pairing as well as 
Extended Inquiry Response. 


9.1 Enhanced Data Rate 


The Enhanced Data Rate (EDR) feature introduced in the Bluetooth 2.0 specification enables accessories to 
communicate more efficiently. Every accessory must use EDR for the following reasons: 


e It provides higher data rates compared to Basic Data Rate (BDR). 

e [It communicates more efficiently, transferring more data bits per unit of time. 

e [It reduces the power consumption used per bit transferred. 

e It improves coexistence with Wi-Fi and other connected Bluetooth devices because it frees up more air 
time. 

e |t improves performance in multipoint configurations. 


9.2 Adaptive Frequency Hopping 


The Adaptive Frequency Hopping (AFH) feature introduced in the Bluetooth 1.2 specification improves 
coexistence with Wi-Fi and other connected Bluetooth devices. Every accessory must use AFH. 


9.3 Sniff Mode for Low Power Consumption 


Minimizing power consumption is critical for all mobile devices. Therefore, every accessory that is compatible 
with a device: 


e Must support and should request Bluetooth sniff mode. 

e Must accept requests for sniff mode and support all valid parameters listed in the Bluetooth specification. 
e Must support a sniff interval of 15 ms. 

e Should use the following recommended sniff mode values: 
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9. Bluetooth 
94 Role and Topology Management 





e¢ Max Interval: 15 ms 

e Min Interval: 15 ms 

e Sniff Attempt: 1 

e Sniff Timeout: 0 
e Must not renegotiate sniff after being established. 
e Must support sniff subrating. 


Accessories that are compatible with iOS devices and Mac computers should also use sniff mode as much as 
possible, especially when there is little or no data being transmitted over the Bluetooth link. Besides its power 
consumption advantages, sniff mode enables better antenna sharing with Wi-Fi. 


The sniff mode parameters are specific to the usage model and Bluetooth profile. The device expects the 
accessory to request sniff mode with appropriate parameters for a specific usage. If the accessory does not 
send such a request, the device may send a sniff mode request. When the device sends a request for sniff 
mode, the remote device must accept the request and its parameters without negotiation. 


If the accessory sets the sniff mode parameters, the accessory must set the sniff interval to less than a third of 
the Bluetooth baseband Link Supervision Timeout, see Link Supervision Timeout (page 51). This makes the 
Bluetooth link less susceptible to interference. To improve link robustness, the accessory should use a shorter 
sniff interval instead of multiple sniff attempts. 


Links with a sniff interval of 1 second or more make the slave device open up a large correlation window, which 
has to be taken into account when calculating the number of sniff attempts. With sniff intervals shorter than 
1 second, multiple sniff attempts can improve link robustness but will increase power consumption. 


9.4 Role and Topology Management 


Every accessory that is compatible with a device must: 


e Accept a request for Role Switch from a device. 
¢ Continue with the connection when the device rejects a request for Role Switch. 


In a Bluetooth connection, one device is the master and the other the slave. The master can have multiple 
slaves, thus forming a piconet. The master can also be a slave to another master, creating a scatternet. 


Such a scenario creates complications since the device has to alternate between the two piconets and thus 
wastes valuable bandwidth. Managing the topology of the network is therefore important for maximum 
performance. The device may request a Role Switch, depending on its current topology, and the remote device 
must accept the request. The device may also reject a request for a Role Switch because of topology concerns. 
Having a suboptimal topology may degrade the audio quality and the user's experience. 
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The accessory should avoid requesting to be the master as the device will need to be the master in more 
frequently occurring scenarios. Accessories that always insist on being the master may impact the overall user 
experience. 


Accessories that connect to multiple iOS devices or Mac computers simultaneously must support creating a 
scatternet. 


9.5 Extended Inquiry Response 


Every accessory that is compatible with a device must provide the following information in its Extended Inquiry 
Response packet: 


e The Local Name of the accessory (Complete or Shortened). 
e The TX Power Level. 


During the Bluetooth discovery process, the device prefers to display the Friendly Name of discovered 
accessories. Before the 2.1 version of the Bluetooth specification the device would have to set up a connection 
to the accessory and do a Remote Name Request, which takes power, antenna time, and user's time. The 
Extended Inquiry Response feature, introduced in Bluetooth 2.1, lets an accessory send its Local Name and 
other information as part of the Inquiry Response and thereby increase the speed and efficiency of the discovery 
process. 


The Local Name should match the accessory's markings and packaging and not contain ':' or ';’. 


9.6 Secure Simple Pairing 


Every accessory that is compatible with a device must: 


e Use Secure Simple Pairing. 
e Use the Numerical Comparison method if it has a display and input device supporting it. 


Secure Simple Pairing greatly increases security and is a mandatory security feature introduced in the Bluetooth 
2.1 specification. To protect against a man-in-the-middle attack, the Numerical Comparison association model 
should be used whenever feasible. See Volume 1, Section 5.4 in the Bluetooth Core Specification, Version 2.1 + 
EDR. 
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9.7 Pairing Button 


If the accessory has a dedicated pairing button and it is labeled, it should use official Bluetooth branding. See 
https://www.bluetooth.com/marketing-branding/brand-best-practices-guidelines. 


9.8 Class of Device (CoD) 


iOS devices and Mac computers use the accessory's Class of Device for Ul purposes or to configure specific 
features. 


Every accessory that is compatible with a device must accurately set its Class of Device using the Bluetooth 
SIG defined Major Device Class and Minor Device Class. See Volume 3, Part C, Section 3.2.4 in the Bluetooth 
Core Specification, Version 5.0. 


For example, an audio/video accessory intended to operate in a vehicle should set Major Device Class to 
audio/video and Minor Device Class to car-audio. 


9.9 Link Supervision Timeout 


The link supervision timeout is used to detect link loss between the accessory and the device. 


The accessory must set the link supervision timeout to 2 seconds or greater when it is the master to account 
for the unpredictable nature of RF signals as well as the device's need to service other concurrent wireless 
systems. 


9.10 Delay Reporting 


Devices (as of iOS 8.2) support the Delay Reporting commands as specified in the Bluetooth Audio/Video 
Distribution Transport Protocol, Version 1.3. Accessories should provide this information as it is used to improve 
audio/video synchronization for video playback. Accessories should not report a delay of more than 1000 ms 
and should not update the delay more than 1 time per second. 


9.11 Profiles 


The Apple knowledge base article https://support.apple.com/kb/ht3647 provides a complete list of the Bluetooth 
profiles that certain devices support. The Bluetooth specifications are the starting point for designing accessories 
that are compatible with these products. The following sections add information and requirements for some 
profiles, which can help accessory developers achieve superior results. 
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9.11.1 Device ID Profile (DID) 


Every accessory that is compatible with a device must: 


e Support the Bluetooth Device ID Profile, version 1.3 or higher. 

e Use the company identifier from the Assigned Numbers specification assigned by the Bluetooth SIG as its 
Vendor ID value (VID). See http://www.bluetooth.org/Technical/AssignedNumbers/identifiers.htm (requires 
login). Bluetooth HID Profile accessories may use a VID assigned by the USB Implementers Forum (USB-IF 
at http://www.usb.org) if the manufacturer does not have a Bluetooth SIG company identifier. 

e Use its VID value for the end product manufacturer. 

¢ Not use the Company ID assigned to Apple by the Bluetooth SIG or the Vendor ID assigned to Apple by 
the USB Implementers Forum. 

e Use the Vendor ID Source field to identify which organization assigned the value used in Vendor ID field 
value. See Section 5.6 of the Bluetooth Device ID Profile Specification. 

e Use a ProductID value that uniquely identifies the product. 

e Use a Version value that uniquely identifies the software version. 


The Device ID record lets the device identify the implementation of the remote accessory. This is valuable 
information and can be used to bridge alternate interpretations of the Bluetooth specification when 
communicating with a remote accessory. Therefore it is important that the information in the Device ID record 
uniquely identify the implementation. 


In the case of Bluetooth car kit devices, for instance, the same car kit might go into two different car models. 
Ideally the two car kits should have different ProductIDs. However, it is acceptable for them to have the same 
ProductID as long as they have identical hardware, software, and features. If the implementations differ at all, 
they should have different ProductIDs. The accessory can also use a secondary Device ID record to uniquely 
identify the product ID or model number. 


9.11.2 Service Discovery Protocol (SDP) 


To facilitate caching of Service Discovery Protocol (SDP) service records, every accessory that is compatible 
with a device must: 


e Support the ServiceDiscoveryServer Service Class. 
e Support the ServiceDatabaseState attribute. 
¢ The attribute's value must change whenever any SDP service record or attributes within a record are 
added, removed, or modified. 
e The attribute's value must not change based on RFCOMM channel protocol parameters since devices 
query these values separately at connection time. 
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9.11.3 Hands-Free Profile (HFP) 


Every accessory that is compatible with a device and supports the Handsfree Profile should meet the 
requirements of the Bluetooth Hands-Free Profile Specification, Version 1.5 or higher. Additional Apple 
requirements are specified in this section. 


Remote accessories can use the Bluetooth Hands-Free Profile for phone communications. To achieve the best 
user experience, the remote accessory should support the following features, which are optional in the Bluetooth 
specification. 


9.11.3.1 Remote Audio Volume Control 


Every accessory that is compatible with a device and supports HFP should: 


¢ Support Remote Audio Volume Control so the speaker volume on the Hands-Free accessory can be controlled 
from the device as described in Section 4.28 in the Bluetooth Hands-Free Profile Specification version 1.5. 
e Set the Remote volume control bit in the Supported Features bitmap sent with the AT+BRSF= command. 


In some situations it is easier for the user to control the output volume through the device instead of directly 
on the remote accessory. For example, a passenger (or-if the car is parked-the driver) in a car could use the 
volume slider on the phone to control the audio volume. Volume control synchronization is outlined in Section 
4.48.2 in the Bluetooth Hands-Free Profile Specification version 1.5. 


9.11.3.2 Indicator Event Reporting 


Every accessory that is compatible with a device and supports HFP should use indicator events reporting and 
not perform repetitive polling of status. 


iOS devices and Mac computers support all mandatory and optional indicators specified in HFP version 1.5 
(service, call, callsetup, callheld, signal, roam, battchg). To minimize unnecessary polling of status using the 
AT+CIND? command, the remote accessory should enable indicator events reporting by sending an AT+CMER 
command. The device will then send a +CIEV event when there is a change in status of an indicator. The 
remote accessory should request the initial status using the AT+CIND=? and AT+CIND? commands, according 
to the HFP specification. 


9.11.3.3 Voice Recognition Activation 


Every accessory that is compatible with a device and supports HFP must: 


e Support Voice Recognition Activation, both AG and HF initiated as described in Section 4.25 in the Bluetooth 
Hands-Free Profile Specification version 1.5. 

e Set the Voice Recognition Activation bit in the "SupportedFeatures" bitmap sent with the AT+BRSF= 
command. 
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iOS devices and Mac computers support voice recognition initiated by remote (Hands-Free) accessories and 
iOS (Audio Gateway) accessories. 


9.11.3.4 Echo Cancellation and Noise Reduction 


When echo cancellation and noise reduction are performed locally on a Hands-Free accessory, it should turn 
off echo cancellation and noise reduction on the device by sending an AT+NREC command, as described in 
Section 4.24 in the Bluetooth Hands-Free Profile Specification version 1.5. 


iOS devices and Mac computers support echo cancellation and noise reduction; these features are active by 
default. If a Hands-Free accessory also does echo cancellation and noise reduction it needs to turn these features 
off on the device (the Audio Gateway). This avoids unnecessary degradation of audio quality due to double 
audio processing. 


9.11.3.5 In-Band Ringing 


Every accessory that is compatible with a device and supports HFP should also support In-Band Ringing as 
specified in Section 4.13.1 in the Bluetooth Hands-Free Profile Specification version 1.5. If the user sets a ring 
tone on the device, the same ring tone should sound on the hands-free accessory. 


9.11.3.6 Synchronous Connection 


Every accessory that is compatible with a device and supports HFP must: 


e Support eSCO parameter set S2 and S3 and accept requests for these settings. See Section 5.6 of the 
Bluetooth Hands-Free Profile Specification version 1.5. 

e Request eSCO parameter set S2 or S3 when setting up a Synchronous Connection. Note that eSCO parameter 
set S1 should not be requested. 

e Render audio within 40 ms after the SCO/eSCO connection has been set up. 


The eSCO packet types offers retransmission of packets; traditional SCO packets are not retransmitted. This 
improves audio quality and the user's experience. The eSCO packet types 2-EV3 and 3-EV3 offer a greater time 
interval between packets, which can improve Wi-Fi performance and allow time for other concurrent Bluetooth 
connections to send data. Apple strongly recommends the use of 2-EV3 and 3-EV3 packets for SCO connections. 
Using HV3 packets is highly discouraged. HV3 packets require more link time and does not allow for 
retransmission of audio packets which impacts the audio performance in presence of RF interference. 


9.11.3.7 Wide Band Speech 


Every accessory that is compatible with a device and supports HFP should support Wide Band Speech as 
described in Section 5.7.4 of the Bluetooth Hands-Free Profile specification version 1.6. If Wide Band Speech is 
supported, it should support the T2 link parameter settings. 
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All devices running iOS 5 or later support Wide Band Speech. If both the device and the accessory support 
Wide Band Speech then Wide Band Speech link will be used for eSCO connection for use cases like cellular 
calls, FaceTime and Siri. 


9.11.4 Message Access Profile (MAP) 


Every accessory that is compatible with a device and supports MAP must: 


¢ Support Message Notification as described in Section 4.1 of the Bluetooth Message Access Profile Specification, 
version 1.0. 

e Register for notifications immediately after the connection is established, as described in Section 4.5 in 
the Message Access Profile Specification, version 1.0. 

e Not expect the TEL property to be present in the originator VCARD (the properties N and FN will be included). 
See Section 3.1.3 in the Message Access Profile Specification, version 1.0. 

¢ Not provide a user interface for sending messages. Devices do not support sending messages using MAP. 


All devices running iOS 6.0 or later support MAP. 


9.11.5 Audio/Video Remote Control Profile (AVRCP) 


Every accessory that is compatible with a device and supports the Audio/Video Remote Control Profile should 
meet the requirements of the Bluetooth Audio/Video Remote Control Profile Specification, Version 1.4. Additional 
Apple requirements are specified in this section. 


9.11.5.1 Supported Operations 


iOS devices and Mac computers support the following operation_IDs in passthrough commands: 


e Play 

e Stop 

e Pause 

e Fast Forward 
e¢ Rewind 

e Forward 

e Backward 


9.11.5.2 Repeat and Shuffle Modes 


Every device supports Repeat and Shuffle modes in the role of an AVRCP target. An AVRCP controller may use 
SetPlayerApplicationSett ingVa Lue to set a value on the device and 

GetPlayerApp LicationSett ingVa Lue to read a value, as described in Sections 6.5.4 and 6.4.3 of the 
Bluetooth Audio/Video Remote Control Profile Specification version 1.4. 
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9.11.5.3 Notifications 


Every accessory that is compatible with a device and supports AVRCP should register for notifications and not 
perform repetitive polling to determine the status of the device. 


Every device supports registering for notifications in the role of an AVRCP Target, as described in Section 6.7 
of the Bluetooth Audio/Video Remote Control Profile Specification version 1.4. The commands 
RegisterNotification and GetPlayStatus are supported for these notifications: 


e EVENT_PLAYBACK_STATUS_ CHANGED 

e¢ EVENT_TRACK_CHANGED 

e EVENT_NOW_PLAYING_CONTENT_CHANGED 
e EVENT_AVAILABLE_PLAYERS_CHANGED 

e¢ EVENT_ADDRESSED_PLAYER_CHANGED 

e EVENT_VOLUME_CHANGED 


9.11.5.4 Play/Pause Button 


All accessories that support AVRCP and implement a Play/Pause button must confirm the playback status of 
the device via AVRCP notifications (see Notifications (page 56) before sending a Play or Pause command (see 
Supported Operations (page 55)). Specifically: 


e If the device has notified the accessory that it is paused, pressing the accessory's Play/Pause button should 
send a Play command. 

e If the device has notified the accessory that it is playing, pressing the accessory's Play/Pause button should 
send a Pause command. 

¢ The accessory should not infer device playback status based on the number of times the Play/Pause button 
has been pressed. 


9.11.5.5 Volume Handling 


Every accessory that is compatible with a device and supports AVRCP should support Absolute Volume, as 
described in Section 6.13 of the Bluetooth Audio/Video Remote Control Profile Specification version 1.4. 


Every device supports volume handling in the role of AVRCP Controller. 


9.11.5.6 Browsing 
Every accessory that is compatible with a device and supports Browsing (in controller role) as part of AVRCP 


must: 


¢ Not try to index or cache the entire library upon connection. The device may contain tens of thousands of 
media items, each present multiple times in the hierarchy. 
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¢ When browsing a specific folder, do not fetch all its items. Only fetch those that are displayed to the user. 
It may prefetch a few items to improve the responsiveness of the user interface. 

¢ Not reorder items (e.g. alphabetically). 

e Not assume UIDs to be statically defined, especially in the root folder. The ordering and UIDs of folders 
and items may change at any point in future releases. 

e Send the SetBrowsedP layer command after receiving an EVENT_UIDS_CHANGED notification. 

e Not assume that the UID passed to the Playltem command will result in the media player playing that UID. 


Currently only the built-in Music app supports browsing. When switching between players, an 
EVENT_AVAILABLE_PLAYERS_CHANGED notification and an EVENT_ADDRESSED_PLAYER_CHANGED notification 
will be generated. The UI then needs to look at the feature bit mask of the listed player to determine whether 
browsing is currently available. 


All devices running iOS 6.0 or later support AVRCP Browsing. 


9.11.5.7 iOS App-Provided Metadata 


An audio app running on a device may use the iOS Media Player Framework to provide metadata about the 
current audio stream. The device supplies this metadata to the accessory using AVRCP. For more information, 
see the MPNowP Lay ingInfoCenter class in Apple Media Player Framework documentation. 


9.11.6 Advanced Audio Distribution Profile (A2DP) 
See Advanced Audio Distribution Profile (A2DP) (page 68). 


9.12 Audio Routing 


This section describes how an accessory can differentiate between various audio contents coming from a 
device and use this information to decide playback behavior. 


An accessory can receive audio data from the device via either of two Bluetooth profiles: 


¢ HFP using eSCO channel 
e A2DP using ACL channel 


The device picks which channel to use depending on how the audio content is used. An audio path created 
for two way communication (such as phone calls or FaceTime) always uses the HFP (eSCO) route for sending 
audio data. Music and similar content uses the A2DP route. In the absence of a defined route, audio playback 
will default to the device. 
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9.12.1 Audio Data Received via HFP Profile 


Most of the audio content sent via HFP (eSCO) routes requires two way communication. Cases where HFP 
(eSCO) is used include (but are not limited to) cellular calls, FaceTime, and voice mail. 


For any audio content that is being received via the HFP (eSCO) route, it is expected that both the speaker and 
the microphone of the accessory are dedicated to the Bluetooth link and should not handle any other audio 
content. 


9.12.2 Audio Data Received via A2DP Profile 


Audio content transferred via A2DP profiles can be broadly classified into two categories: 


e Audio content from music, video, or game-like applications. 
e System-generated sound for alerts and notifications. 


9.12.2.1 Differentiating Audio Content from System Sounds 


Music-like content can be differentiated from system sound by adding support for Audio/Video Remote Control 
Profile (AVRCP) version 1.3 or later. The AVRCP profile allows an accessory to be aware of the audio playback 
state in the device, using notifications. See Audio/Video Remote Control Profile (AVRCP) (page 55). 


When a device initiates audio playback over an A2DP channel for playing music content, an AVRCP notification 
EVENT_PLAYBACK_STATUS_CHANGED is sent to indicate that playback status has changed to play state. See 
Section 6.7.2 of the Audio/Video Remote Control Profile specification, version 1.4. This indicates that audio data 
via the A2DP profile contains music. When a device initiates audio playback over an A2DP channel for playing 
system sound, no AVRCP notification is sent. 


Figure 9-1 (page 59) and Figure 9-2 (page 59) show the difference between the notifications for music playback 
and for system sounds. 
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Figure 9-1 _ Initiate Audio Playback (e.g. music) 
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Figure 9-2 _ Initiate System Sound (e.g. turn-by-turn directions) 
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9.12.2.2 Expected Audio Routing Behavior for A2DP 


The accessory should tune its audio routing behavior based on audio content over the A2DP channel. 


If audio data contains music, then it is expected that the accessory speakers are dedicated to audio data coming 
via the Bluetooth link and any other audio playback is paused. If audio data contains system sound, then it is 
expected that the accessory can render audio as desired. If the accessory is playing audio from a different 
source, then system sound data can be mixed with the existing track for playback; it is not necessary to pause 
existing audio playback on the device. 
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9.13 HID 


When implementing HID over Bluetooth, the accessory: 


e Should support Bluetooth HID Profile 1.1. 
e Should support sniff mode (see Sniff Mode for Low Power Consumption (page 48)). 
¢ Should use the following parameters in SDP for sniff subrating: 
e¢ HIDSSRHostMaxLatency - 450 ms (720 slots) 
e HIDSSRHostMinTimeout - 45 ms (72 slots) 
e Should use a typical report packet of 22 bytes or less. This is small enough to fit into a DH1 packet with 
L2CAP and HID header. 
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The Bluetooth 4.0 specification introduces Bluetooth Low Energy, a wireless technology targeted for accessories 
with limited battery resources. If Bluetooth Low Energy is supported, the accessory should follow the guidelines 
in this section. 


10.1 Role 


The accessory should implement either the Peripheral role as defined in the Bluetooth 4.0 specification, Volume 
3, Part C, Section 2.2.2.3 or the Broadcaster role, as defined in Section 2.2.2.1. 


10.2 Advertising Channels 


The accessory should advertise on all three advertising channels (37, 38, and 39) at each advertising event. See 
the Bluetooth 4.0 specification, Volume 6, Part B, Section 4.4.2.1. 


10.3 Advertising PDU 


The accessory should use one of the following advertising PDUs: 


e ADV_IND 
¢ ADV_NOCONN_IND 
e¢ ADV_SCAN_IND 


ADV_DIRECT_IND should not be used. See the Bluetooth 4.0 specification, Volume 6, Part B, Section 2.3.1. 


10.4 Advertising Data 


The advertising data sent by the accessory should contain at least the following information as described in 
the Bluetooth Core Specification Supplement, Part A: 


e Flags 
e TX Power Level 
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e Local Name 
e Services 


The Local Name should match the accessory's markings and packaging and not contain ':' or ‘;’. 


The accessory may put the Local Name and the TX Power Level data in the SCAN_RSP PDU if, for example, it 
needs to reduce power consumption or not all of the advertising data fit into the advertising PDU. Note that, 
depending on its state, the device may not always perform active scanning. 


The primary services should always be advertised in the advertising PDU. Secondary services should not be 
advertised. Services not significant to the primary use case of the accessory may be omitted if space is limited 
in the Advertising PDU. 


The advertising data and the scan response data in the SCAN_RSP PDU should comply with the formatting 
guidelines in the Bluetooth 4.0 specification, Volume 3, Part C, Section 18: it starts with a length field, followed 
by AD Type and AD Data. 


10.5 Advertising Interval 


The advertising interval of the accessory should be carefully considered, because it affects the time to discovery 
and connect performance. For a battery-powered accessory, its battery resources should also be considered. 


To be discovered by the device, the accessory should first use the recommended advertising interval of 20 ms 
for at least 30 seconds. If it is not discovered within the initial 30 seconds, Apple recommends using one of 
the following longer intervals to increase chances of discovery by the device: 


e 152.5 ms 
e 211.25 ms 
e 318.75 ms 
e 417.5 ms 

e 546.25 ms 
e 760 ms 

e 852.5 ms 
e 1022.5 ms 
¢ 1285 ms 





Note: Longer advertising intervals usually result in longer discovery and connect times. 
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10.6 Connection Parameters 


The accessory is responsible for the connection parameters used for the Low Energy connection. The accessory 
should request connection parameters appropriate for its use case by sending an L2CAP Connection Parameter 
Update Request at the appropriate time. See the Bluetooth 4.0 specification, Volume 3, Part A, Section 4.20 for 
details. 


The connection parameter request may be rejected if it does not comply with all of these rules: 


Slave Latency <30 


° 2seconds < connSupervisionTimeout < 6 seconds 


e Interval Min modulo 15 ms == 
Interval Min =15 ms 
¢ One of the following: 
Interval Min + 15 ms < Interval Max 
e Interval Min == Interval Max == 15 ms 
Interval Max * (Slave Latency + 1) < 2 seconds 
e Interval Max * (Slave Latency + 1) * 3 < connSupervisionTimeout 


Note that if an accessory requests Interval Min == Interval Max == 15 ms, some devices will scale the interval 
to 30 ms to balance power and performance constraints. 


If Bluetooth Low Energy HID is one of the connected services of an accessory, connection interval down to 
11.25 ms may be accepted by the device. 


The device will not read or use the parameters in the Peripheral Preferred Connection Parameters characteristic. 
See the Bluetooth 4.0 specification, Volume 3, Part C, Section 12.5. 


10.7 Data Packet Length Extension 


Data Packet Length Extension is an enhancement introduced in the Bluetooth 4.2 specification which increases 
the maximum data length from 27 to 251. Using a longer per-packet data length improves radio efficiency, 
greatly increases application data rates, and boosts battery life. See the Bluetooth 5.0 specification, Volume 6, 
Part B, Section 4.6.6 for details. 
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Figure 10-1 Data Packet Length Extension 
~~ BT 4.0 PDU ——______}>| 


MIC CRC 
(4 Bytes) (3 Bytes) 


Preamble | Access Address | LL Header 
(1 Byte) (4 Bytes) (2 Bytes) 






[$$ BT 4.2 EDL PDU_ "> 








MIC CRC 
(4 Bytes) (3 Bytes) 


Preamble | Access Address | LL Header 
(1 Byte) (4 Bytes) (2 Bytes) 


Accessories should support Data Packet Length Extension for best performance with devices. 


iOS devices and Mac computers operating as master will negotiate optimal data packet lengths based on 
various factors, such as connection event length, system topology, and protocol. 


10.8 Privacy 


The accessory should be able to resolve a Resolvable Private Address in all situations. Due to privacy concerns, 
the device will use a Random Device Address as defined in the Bluetooth 4.0 specification, Volume 3, Part C, 
Section 10.8. 


10.9 Permissions 


The accessory should not require special permissions, such as pairing, authentication, or encryption to discover 
services and characteristics. It may require special permissions only for access to a characteristic value or a 
descriptor value. See the Bluetooth 4.0 specification, Volume 3, Part G, Section 8.1, fifth paragraph. 


10.10 Pairing 


The accessory should not request pairing until an ATT request is rejected using the Insufficient Authentication 
error code. See the Bluetooth 4.0 specification, Volume 3, Part F, Section 4 for details. 


If, for security reasons, the accessory requires a bonded relationship with the Central, the Peripheral should 
reject the ATT request using the Insufficient Authentication error code, as appropriate. As a result, the device 
may proceed with the necessary security procedures. 
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Similarly, if the device acts as a Central and a GATT server, it may reject an ATT request using the Insufficient 
Authentication error code. The accessory should initiate the security procedure for pairing in response. 


Pairing may require user authorization depending on device. Once an accessory is paired with a device, it must 
retain the distributed keys of both central and peripheral for future use. If the pairing is no longer required, 
the accessory must delete both sets of keys. 


10.11 MTU Size 


An accessory that supports packet length extension must perform the packet length update procedure before 
performing the Exchange MTU Request handshake, see Data Packet Length Extension (page 63). 


Devices will support and request an MTU size larger than the default during the Exchange MTU Request 
handshake. See the Bluetooth 4.0 specification, Volume 3, Part F, Section 3.2.8. 


When operating as ATT client, the device will request the optimal MTU size based on factors such as the 
Bluetooth topology, connection event length, maximum data length, and protocol (GATT or connection-oriented 
L2CAP). 


An accessory operating as ATT server should select an MTU that is equal to or greater than the device's MTU 
request. 


10.12 Services 


10.12.1 Generic Access Profile Service 


The accessory should implement the Device Name characteristic per the Bluetooth 4.0 specification, Volume 
3, Part C, Section 12.1. The Device Name characteristic should be writeable. 


10.12.2 Generic Attribute Profile Service 


The accessory must implement the Service Changed characteristic only if the accessory has the ability to change 
its services during its lifetime. 


The device may use the Service Changed characteristic to determine if it can rely on previously read (cached) 
information from the device. See the Bluetooth 4.0 specification, Volume 3, Part G, Section 7.1. 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


65 


10. Bluetooth Low Energy 
10.13 GATT Server 





10.12.3 Device Information Service 


The accessory must implement the Device Information Service. The service UUID for this service should not 
be advertised in the Advertising Data. The following characteristics should be supported: 


e Manufacturer Name String 
¢ Model Number String 

e Firmware Revision String 

¢ Software Revision String 


10.12.4 Available Services 


With iOS 7.0, any device makes Battery Service, Current Time Service and Apple Notification Center Service 
(ANCS) available to an accessory. The Current Time Service supports the current time and local time information 
characteristics. The service does not provide an "Adjust Reason" when the current time changes. ANCS uses 
7905F431-B5CE-4E99-A40F-4B1E122D00D0 as its UUID. 


These services are not guaranteed to be available immediately after connection and the accessory must support 
Characteristic Value Indication of the Service Changed characteristic (see Bluetooth 4.0 specification, Volume 
3, Part G, Section 7.1) to be notified when the services become available. The device will maintain a connection 
to an accessory as long as it is paired and uses one of the available services. 


10.13 GATT Server 


With iOS 6.0, applications may contribute services and characteristics to the GATT server that the device makes 
available to the accessory. The recommendations in this section apply to the accessory in this case. 


The following services are implemented internally by iOS and must not be published by third party iOS 
applications: 


¢ Generic Attribute Profile Service 

e Generic Access Profile Service 

¢ Bluetooth Low Energy HID Service 
¢ Battery Service 

e Current Time Service 

e Apple Notification Center Service 


The device implements the GAP Service Changed characteristic, because the database contents can change 
at any time. The accessory should therefore support the Characteristic Value Indication of this characteristic 
and, upon receiving indications, invalidate its database cache accordingly. See the Bluetooth 4.0 specification, 
Volume 3, Part G, Section 7.1. 
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The accessory should minimize the use of ATT/GATT requests and commands and only send what is necessary. 
For example, do not use GATT Discover All Services when the accessory is looking for specific services. Use 
Discover Primary Service By Service UUID instead. Less airtime equals less power consumption and better 
performance for both the accessory and the device. 


When third party iOS applications discover services on the accessory, the following services are used internally 
by iOS and are filtered out from the list of discovered services: 


¢ Generic Attribute Profile Service 

¢ Generic Access Profile Service 

e Bluetooth Low Energy HID Service 
e Apple Notification Center Service 


The accessory should be robust enough to handle any error gracefully. Pairing and Characteristic Value 
reads/writes may fail if the application that owns the service is not in the foreground and is not entitled to run 
in the background. 


If an ATT Prepare Write Request is used, all queued attributes are contained within the same GATT Service. 
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11. Advanced Audio Distribution Profile (A2DP) 


Accessories may implement the Advanced Audio Distribution Profile (A2DP) over Bluetooth (see Bluetooth (page 
48)) to receive audio from iOS devices and Mac computers. 


The audio content from the device can be broadly classified into two categories: 


e Audio content from music, video, or gaming applications. 
¢ System-generated sounds for alerts and notifications. 


A2DP is often implemented in speakers and headsets. 


Accessories that implement A2DP must satisfy all requirements stated in Bluetooth (page 48). 


11.1 Bluetooth A2DP Specification 


Every accessory that implements the Advanced Audio Distribution Profile must meet the requirements of the 
Bluetooth Advanced Audio Distribution Profile specification, Version 1.2. 


11.1.1 AVDTP Transactions 


Accessories must respond to Audio/Video Distribution Transport Protocol (AVDTP) signaling transactions before 
the device's 5 second RTX_SIG_TIMER expires or the device will terminate the signaling channel. See Section 
6.2 "Transaction Model" and section 6.4 "Signal Command Set" of the Bluetooth Audio/Video Distribution 
Transport Protocol, Version 1.3. 


11.2 SubBand Codec (SBC) 


The SBC Codec Specific Information Elements, defined in Section 4.3.2 of the A2DP specification, that are 
applicable to iOS devices and Mac computers are listed in Table 11-1 (page 68). 


Table 11-1 | SubBand Codec Information Elements for iOS devices and Mac computers 


Element Value 





Sampling Frequency 44,100 Hz 





Channel Mode Stereo 
Block Length 16 
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Element Value 

Subbands 8 

Allocation Method — Loudness 

Bitpool range 2 to 53. Accessories for iOS devices and Mac computers should support 53. 





11.3 MPEG 2/4 AAC Codecs 
Devices support the non-mandatory codec MPEG-2/4 AAC, as defined in Section 4.5 of the Advanced Audio 


Distribution Profile specification, Version 1.2. Accessories should use the AAC codec in addition to SBC, because 
it provides higher audio quality for a given bit rate. 





Note: The following specifications provide details of Apple's implementation of the MPEG-2/4 AAC 


codec. In case of conflicts, the A2DP specification governs. 





The MPEG 2/4 AAC Codec Specific Information Elements, defined in Section 4.5 of the A2DP specification, that 
are applicable to devices are listed in Table 11-2 (page 69). 


Table 11-2. MPEG-2/4 AAC Codec Information Elements for devices 

















Element Value 

Object Type MPEG-2 AAC LC 
Sampling Frequency 44,100 Hz 
Channels 2 

Bit rate 264,630 bps 
VBR 0 





AAC audio stream packets in devices have the structure shown in Table 11-3 (page 69). 


Table 11-3. AAC audio packet for devices 


L2CAP AVDTP MPEG-4 LATM MPEG-4 AAC 
Header Header AudioMuxElement Audio Payload 








The AAC Media Payload Format, as defined in Section 4.5.4 of the A2DP specification, is formatted using LATM, 
as defined in Section 4 of IETF RFC 3016. The following notes apply to the packet fields shown in Table 11-3 (page 
69). 


¢ The recommended L2CAP MTU value for each device's AAC streaming channel is 885 bytes. 
¢ The AVDTP Header is shown as the RTP header in Figure 4 of RFC 3016, and is the header defined in Section 
7.2.1 of the Bluetooth Audio/Video Distribution Transport Protocol, Version 1.2. 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


69 


11. Advanced Audio Distribution Profile (A2DP) 
11.4 Test Procedures 





¢ The AudioMuxElement is the same as the RTP payload in RFC 3016. It is defined in Section 1.7.3, Table 
1.41 in ISO/IEC 14496-3:2009, subpart 1. The muxConfigPresent argument to the AudioMuxElement 
is set to 1 (in-band mode), as recommended in Section 4.1 of RFC 3016. As recommended in Section 4.3 
of RFC 3016, only one AudioMuxE Lement is put into each AVDTP packet. 

¢ The audio payload is encoded using MPEG-4, as recommended in Section 4.5.4 of the A2DP specification. 

¢ For AAC-LC support, the accessory should support VBR capability. The device will be varying AAC bit rate 
depending on the content and the accessory should be able to handle the variation without causing gap 


in the audio. 


11.4 Test Procedures 


11.4.1 Audio Quality 
Verify that there are no audio quality issues in each of the following scenarios: 
1. Stream music from the Music app. 


2. Stream music from a radio station within the Music app. 
3. Stream audio using the Podcast app. 


11.4.2 Audio Switching 


1. During A2DP streaming, switch audio back to device and switch back to accessory. 
2. Audio should be routed to the intended source. Audio quality should be good switching back to Bluetooth. 


11.4.3 HFP Interaction 


1. Make incoming / outgoing call during A2DP. 
2. Audio should be suspended during the call and resume after the call. 


11.4.4 Siri 


1. Trigger Siri during A2DP. 
2. Audio should be resumed after the Siri session. 


11.4.5 Video Playback 


1. Stream A2DP while watching a video. 
2. Audio / video synchronization and quality should be good. 
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12. Bluetooth Accessory Identification 


This chapter describes Apple-specific Bluetooth commands that extend accessory capabilities beyond those 
supported by standard Bluetooth profiles. 


To enable Apple-specific features, the accessory must support HFP Command AT+XAPL (page 71), which 
provides accurate information about the accessory's supported features. The device will use the information 
sent by this command to enable and disable custom commands. 


The accessory must send the following AT+XAPL command after making a successful HFP Service Level 
Connection (SLC) to the device. The accessory should send an AT+XAPL command first, before sending any of 
the additional Apple-specific commands described below. 


12.1 HEP Command AT+XAPL 


Description: Enables custom AT commands from an accessory. 
Initiator: Bluetooth accessory 

Format: AT+XAPL=vendor!D-productID-version,features 
Parameters: 


e vendorlD: A string representation of the hex value of the vendor ID from the manufacturer, without the @x 
prefix. 
e productID: A string representation of the hex value of the product ID from the manufacturer, without the 
Qx prefix. 
e version: The revision of the software. 
e features: A base-10 representation of a bit field. Available features are: 
e Bit 0 =reserved 
e Bit 1 = The accessory supports battery reporting (reserved only for battery operated accessories). 
e Bit 2 = The accessory is docked or powered (reserved only for battery operated accessories). 
e Bit 3 = The accessory supports Siri status reporting. 
e Bit 4 =the accessory supports noise reduction (NR) status reporting. 
e All other values are reserved. 


Example: AT+XAPL=ABCD-1234-0100,10 (Supports battery reporting and Siri status) 
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Response: +XAPL=iPhone,features 
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13. Bluetooth Headset Battery Level Indication 


Any Hands-Free Bluetooth headset accessory can show its battery level to the user as an indicator icon in the 
device status bar. This feature is supported on all devices that support the Hands-Free Profile, including iPhone, 
iPod touch, and iPad. 


Headset battery indication is implemented by two Apple-specific Bluetooth HFP AT commands, HFP Command 
AT+XAPL (page 71) and HFP Command AT+IPHONEACCEV (page 73) 


13.1 HFP Command AT+IPHONEACCEV 


Description: Reports a headset state change. 

Initiator: Headset accessory 

Format: AT+IPHONEACCEV=Number of key/value pairs , key1, val1,key2,val2,... 
Parameters: 


e¢ Number of key/value pairs: The number of parameters coming next. 
e key: the type of change being reported: 

¢ 1=Battery Level 

e 2=Dock State 
¢ val: the value of the change: 

¢ Battery Level: string value between 'Q' and '9' 

e¢ Dock State: @ = undocked, 1 = docked 


Example: AT+IPHONEACCEV=1, 1,3 
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14. Siri 


Siri enables a user to have rich interactions with a device by primarily using their voice. 
Accessories supporting Siri must not use an icon that resembles the Siri microphone icon. 


The rest of this chapter is applicable to accessories that support Siri over Bluetooth. 


14.1 Enabling Custom Siri Commands 


Every accessory that supports Siri over Bluetooth must support HFP Command AT+XAPL (page 71). The device 
will use the information sent by this command to enable and disable custom commands related to Siri. 


To receive Siri status events, the accessory must send the AT+XAPL command after making a successful HFP 
Service Level Connection (SLC) to the device. The accessory should send an AT+XAPL command first, before 
sending any of the additional Siri-specific commands described below. 


14.2 Obtaining Siri Availability Information 


After establishing an HFP profile connection, an accessory can determine if Siri is available and enabled on a 
device. It can also receive notifications of changes in Siri status. If Siri is disabled, Voice Control will be activated 
instead. 


14.2.1 Obtaining Status Information at Connection 


The accessory should send the following command after making a successful HFP profile (SLC) connection and 
sending an AT+XAPL command. 


14.2.1.1 HFP Command AT+APLSIRI? 


Description: AT command to retrieve Siri status information. 
Initiator: accessory 
Format: AT+APLSIRI? 


Response: +APLSIRI: value 
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Defined Values: 


¢ 0= Siri is not available on this platform. 
e 1=Siriis available and enabled. 
e 2=Siriis available but not enabled. 


Example: +APLSIRI: 1 (Siri is available and enabled) 


14.2.2 Receiving Siri Availability Updates from the Device 


After initialization has been completed, the device will send the accessory the following notification if there 
is a change in Siri status. This notification will be provided only if the accessory has requested Siri status (by 
sending AT+APLSIRI?) at least once after connection, and if the device has reported that Siri is available and 
enabled. 


14.2.2.1 HFP Command +APLSIRI 


Description: Unsolicited event indicating a change in Siri status. 
Initiator: Device 

Format: +APLSIRI: value 

Defined Values: 


e 1=Siri is available and enabled. 
e 2=Siriis available but not enabled. 


Example: +APLSIRI: 2 (Siri is available but not enabled) 


Figure 14-1 Siri is Disabled/Enabled from the Device's Settings 


HFP Session} User disables Siri on the device 


+APLSIRI:2 


Not that Siri was 


HFP Session} User enables Siri on the device 


+APLSIRI:1 
Notify that Siri was enabled 
by sending unsolicited +APLSIRI:1 
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14.3 Initiating a Siri Session 


Once support for Siri is established on both the accessory and the device, a Siri session can be started from 
either one. 


14.3.1 Initiating a Session from the Accessory 


To initiate a Siri session, the accessory must use the voice recognition command AT+BVRA defined in the 
Bluetooth Hands-Free Profile specification. For further details, see the Bluetooth Hands-Free Profile 1.6 profile 
specification, section 4.25. The HFP profile must be connected and SLC must exist. 


The accessory should use the following command sequence: 


¢ The accessory sends an AT+BVRA=1 command to the device. 

e The device sends an OK response. 

¢ The device launches a Siri session and creates a Synchronous Connection (SCO) for the audio. 

e If the Siri session is not finished, the accessory must send AT+BVRA=1 to continue the conversation. This 
may need to happen multiple times. 

e When the Siri session is finished, the device sends a +BVRA: @ result code to the accessory. 

e The device disconnects the SCO connection. 


While a Siri session is active, the accessory must let the user continue the conversation and ask follow up 
questions within the current context. In order to do so, the accessory must be able to send an AT+BVRA=1 
command to the device even after Siri has been already activated and before +BVRA: 0 is received. Figure 
14-2 (page 76) shows an overview of the interaction when Siri is triggered from the accessory, the running 
session was continued twice and once Siri was finished, the device dismissed the session. 


Figure 14-2 Initiating a Siri Session from the Accessory 


HFP Session] Initiating a Siri session from the accessory 


AT+BVRA=1 


Start a Siri session by sending AT+BVRA=1 


SCO connection is open 


AT+BVRA=1 


Continue a Siri session by sending AT+BVRA=1 


AT+BVRA=1 


Continue a Siri session by sending AT+BVRA=1 


+BVRA:0 
Siri £ tify by sending +BVRA:0 
HFP SCO connection is closed 
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14.3.2 Initiating a Session from the Device 


If the accessory supports voice recognition commands, the device sends a +BVRA event to indicate the start 
of a Siri session. The accessory must enable support for voice recognition and indicate it in its feature response 
as described in the Bluetooth Hands-Free Profile 1.6 specification, section 4.34.1, "Bluetooth Defined AT 
Capabilities." Specifically, the HFP profile must be connected, SLC must exist, and voice recognition activation 
(bit 3) must be enabled in the AT+BRSF command. The device will not use virtual call functionality for the Siri 
session if voice recognition activation is supported by the accessory. 


The accessory should expect the following command sequence: 


e The device sends a +BVRA: 1 event to the accessory. 

e The device launches a Siri session and creates a SCO connection for the audio. 

e When the Siri session is finished, the device sends a +BVRA: @ result code to the accessory. 
e The device disconnects the SCO connection. 


Figure 14-3 Initiating a Siri Session from the Device 


HFP Session] _ Initiating a Siri session from the device 


g +BVRA=1 to notify 








14.3.3 Ending a Session from the Accessory 


Once a Siri session is running the accessory must be capable of ending the session by sending an AT+BVRA=0 
command to the device. Figure 14-4 (page 78) shows an example of ending a running Siri session from the 
accessory. The accessory should only end an active session as a result of a direct user action. 
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Figure 14-4 Ending a Siri Session from the Accessory 


HFP Session} Ending a Siri session from the accessory 


AT+BVRA=1 


Start a Siri session by sending AT+BVRA=1 


AT+BVRA=1 


Continue a Siri session by sending AT+BVRA=1 


AT+BVRA:0 


End a Siri session by sending AT+BVRA=0 


OK 


HFP SCO connection is closed 





14.4 Siri Eyes Free Mode 


Siri Eyes Free mode is a feature to control Siri responses that include display information and can be enabled 
or disabled as needed. In Siri Eyes Free mode, the user experience is tailored towards a driving scenario and 
interactions with Siri are done primarily via voice to minimize the need for the user to look at a screen. Siri Eyes 
Free mode is supported only for Bluetooth-enabled vehicle entertainment systems and should not be used 
by any other accessories. Siri Eyes Free should not be triggered via a voice command. 


The device will listen for the HFP AT command AT+APLEFM to enable or disable Siri Eyes Free mode. 


This command is used by the device to modify Siri responses that contain visual information or require user 
interaction. Suitable audio feedback and voice commands will be available to the user based on the Siri use 
case that was initiated. 


Siri Eyes Free mode is disabled by default. Once the accessory has enabled Siri Eyes Free mode, it remains 
enabled for all subsequent Siri sessions initiated from the accessory until the accessory disables it or the 
Bluetooth connection is disconnected. 


14.4.1 HFP Command AT+APLEFM 


Description: An accessory sends this command to notify a device of the preferred state of Siri Eyes Free mode. 
Initiator: accessory 
Format: AT+APLEFM=value 


Response: OK 
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Defined Values: 


© 0x00 = Disable Siri Eyes Free mode. 
¢ 0x01 = Enable Siri Eyes Free mode. 
© 0x02-OxFF = reserved 


Example: AT+APLEFM=1 


14.5 Improving Voice Recognition 


The microphone audio that the accessory sends to the device during a Siri session should be suitable for voice 


recognition. Audio requirements for optimal voice recognition may differ from requirements for optimal human 


perception (such as during a cellular phone call). 
Filtering of the audio signal to remove echoes or feedback noise is acceptable. 


To provide the best possible audio quality as Siri input, the accessory must observe the following 
recommendations: 


e Echo cancellation and noise suppression (EC/NR): Directional microphones and linear beamforming with 
microphone arrays giving improved SNR are recommended. Linear echo cancellation for reducing unwanted 


audio sources (such as audio output from the system) without having any other effect on the speech signal 


are also recommended. However, single channel noise reduction methods (such as spectrum subtraction) 
must not be applied, as they will be detrimental to the speech recognition accuracy. Similarly, automatic 


gain control, residual echo suppression and attempts to blank out non-speech periods in the waveform 
must not be applied. 


¢ Signal gain: When adjusting signal levels, the accessory must avoid artifacts, dropouts, and clipping in all 


circumstances. Automatic Gain Control is not recommended. If the accessory adjusts signal gain, the gain 


should be held constant across each spoken utterance. The nominal level measured at the uplink output 
of the accessory should be A-weighted -30 dB +2 dB root-mean-square (RMS), expressed in units relative 
to full-scale (dBFS(A)). Alternatively, the nominal level may be 13 dB +2 cB SLR if using the ITU measurement 


procedure. 


¢ Signal-to-noise ratio (SNR): An average SNR greater than 20 dB is recommended. Below 20 dB, recognition 


rates will be impacted. 
¢ Reverberation: Maintaining RT60 time at less than 200 ms is recommended. 


14.5.1 Wide Band Speech Support 


An accessory using Siri should support 16 kHz wide band speech audio for better audio quality and voice 
recognition performance. See the Bluetooth Hands-Free Profile 1.6 specification for details about wide band 
speech audio. Narrow band audio signal (8 kHz) is supported but not recommended. 
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14.6 Optimizing the Siri Experience 


For best results in using Siri, the accessory design should follow these guidelines: 


e The start of a Siri session should not be accompanied by local beeps or verbal indications (such as an 
announcement of "...voice dialing...") from the accessory. When a Siri session becomes active, the device 
sends two beeps indicating that Siri is ready to receive instructions. Adding extra audible notifications only 


inserts delays in the system. 
e The accessory should wait for the device to end each Siri session. The accessory should not send an 


AT+BVRA=@ command unless it is prompted to do so by user interaction. 

¢ The device expects that the accessory is capable of rendering audio as soon as the SCO connection is active. 
This is necessary to make sure that the user always hears the Siri introductory beeps with minimum delay. 
The delay should be within 200 ms. 


14.7 Common Siri Applications 


Siri can send messages, find points of interests, place phone calls, and much more. As Siri capabilities are 
constantly growing, additional use cases may become available after the initial integration. In Siri Eyes Free 
mode, some of these use cases may not be accessible as the user experience is tailored towards a driving 


scenario. 


14.7.1 Initialization Procedure After Connection is Established 


Figure 14-5 (page 81) outlines the sequence the accessory has to trigger to be able to use Siri on a device. 
After establishing an HFP profile connection, the accessory must first enable the custom Siri commands by 
sending AT+XAPL and provide the features it supports. After a confirmation is received from the device, the 
accessory should determine Siri's availability with AT+APLSIRI?. 


Vehicles with Bluetooth-enabled infotainment systems can also enable Siri Eyes Free Mode during initialization. 


This is detailed in Figure 14-6 (page 81). 
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Figure 14-5 Siri Initialization Procedure 


HFP Session] Typical Initialization Sequence 


AT+XAPL=ABCD-1234-0001,8 


Enable custom Siri commands 


+XAPL=iPhone,8 


@ reception 


P| a ee 
Obtain Siri availability 





Figure 14-6 Siri Initialization Procedure with Siri Eyes Free 


BY=WAleX~) Accessory 


HFP Session] Typical Initialization Sequence with Siri Eyes Free 
AT+XAPL=ABCD-1234-0001,8 


Enable custom Siri commands 


+XAPL=iPhone,8 
Acknowled 


4 el era 
Obtain Siri availability 


and enabled) 


AT+APLEFM=1 
Enable Siri Eyes Free mode 





14.7.2 Phone Dialing Using Siri 

Upon the user's request Siri can initiate an outgoing phone call. The device will initiate HFP call signaling to 
establish a phone call as described in Bluetooth (page 48). The accessory must be able to transition to 
Hands-Free dialing at any time during or after a Siri session when signaled by the device. 


14.7.3 Audio Routing and Media Playback Using Siri 


Siri can control the media playback on a device, and if Siri determines that the user wants to play or pause 
music it will either start, pause or resume media playback. The device will send a notification to the accessory 
indicating a change in playback state and any associated track information. The accessory must respond to 
those notifications, start or stop the music playback as requested, as well as update the correct playback state 
(e.g. shuffle, repeat). 


The accessory must not force a change in the playback state after a Siri session is ended. If music was playing 
before Siri was started, it must continue playing, if it was paused, it must remain paused. 
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After Siri starts music playback the accessory must set its current audio route to match the audio source, 
depending on how audio is being received from the device (via Bluetooth or by a wired connection). 


The available media playback notifications depend on the audio route being used: 


¢ Fora Bluetooth audio route, use the approach described in Notifications (page 56) and Audio Data Received 
via A2DP Profile (page 58). 
e Fora wired audio route, use iAP2. 


14.74 Turn-By-Turn Directions Using Siri 


Siri can initiate active route guidance that will play turn-by-turn directions. In case the device is the active 
source and is already playing music, turn-by-turn directions will be mixed in as part of the audio stream. In 
case the device is not playing music, the accessory should be able to mix in turn-by-turn directions with the 
active audio source. 


The device will notify the accessory to play turn-by-turn directions only over Bluetooth. Detailed information 
on how to distinguish between music playback and turn-by-turn notifications is available in Notifications (page 
56). 


14.8 User Interaction with Siri Eyes Free in a Vehicle 


A vehicle that uses Siri Eyes Free mode must integrate the Siri experience with the existing in-vehicle 
entertainment system and controls. The vehicle should provide a convenient interface to initiate, continue, 
and end a Siri session. Once a Siri session is running, the vehicle must display a visual cue that voice recognition 
is in process. Figure 14-7 (page 83) outlines how a Siri interaction should be designed. 
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Figure 14-7 Siri Eyes Free User Interaction 


Initiate or continue a Siri session 


AVAViayetimer-lam mals)|©) 
you with? 


In-vehicle UI 





Long press on the In-vehicle dashboard 
steering wheel to activate; 


short press to continue (**) Pond press to sbtvate 


short tap to continue (**) 


End a Siri session 





—===)» In-vehicle UI 





Long press to end (**) In-vehicle dashboard 


Short press to end 


(*) If the accessory wishes to indicate that Siri is active, it must do one of the following: 


e Display the word 'Siri' (as capitalized) with no additional text or icon. 
e Use generic text or icon that does not resemble the Siri microphone icon. 


(**) If the vehicle is equipped with steering wheel controls, a dedicated button or a long-press on a button on 
the vehicle's steering wheel is required to start, continue and end a Siri session. The button long-press must 
be 600 ms or less. If no steering wheel controls are available, a soft button must be available within the in-vehicle 
user interface to start, continue or end a Siri session. 
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When a vehicle enables Siri Eyes Free mode, the device will not display any onscreen Siri content. If the device 
was locked at the time the Siri session was activated from the vehicle, it will remain locked and the screen will 
not turn on. If the user unlocks or manually activates the device while in an Eyes Free Session there will be a 
notification that the device is in an active Siri session but there will be no visual Siri content displayed. 


14.9 Enabling/Disabling Siri from the Device 


The user has the ability to disable or enable Siri from the Settings menu on the device. When Siri is disabled, 
Voice Control becomes the recognition engine on the device and will be triggered by default. The accessory 
may choose to either launch Voice Control with no further changes, in the same way Siri is launched (shown 
in Figure 14-8 (page 84)) or display a warning message and not send an activation command to the device 
(Figure 14-9 (page 84)). 


Figure 14-8 Siri is Deactivated - Launching Voice Control 
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Figure 14-9 Siri is Deactivated - Displaying a Warning Message 
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14.10 Test Procedures 


14.10.1 Siri Eyes Free 


The following test procedures are applicable to accessories that interact with Siri Eyes Free. 


For the following spoken tests, the speaker should ideally be a native speaker of North American English. If 


the tester's native language is not English, set Siri to your native language and translate the phrases to be 


spoken below into your native language. 


14.10.1.1 General 


1. 


Pair and establish a Bluetooth Handsfree Profile (HFP) connection between the iPhone and the head unit. 

Activate Siri from the vehicle steering wheel button (e.g. by press hold): 

a. Observe that the iPhone screen remains inactive after a Siri session has started (a visual indicator will 
be visible on the device if the screen is activated manually). 

b. Ensure that Siri opening chime is heard completely through the vehicle speakers. 

c. Observe a visual notification in the in-car User Interface (Ul) that a Siri session is active (textual 
notification, on-screen UI, etc.). 

Activate Siri from the vehicle steering wheel button and say "Send a message to Peter. How are you?". 

While still saying the message, press the vehicle steering wheel button to cancel Siri (e.g. by press): 

a. Ensure the iPhone screen remains inactive (if manually activated, the visual indicator on the phone 
will disappear). 

b. Verify that the in-car UI for Siri interaction dismisses and the head unit resumes the state before Siri's 
interaction. 

Activate Siri from the vehicle steering wheel button and say "How is the weather in San Francisco?". Wait 

for Siri to respond with the weather forecast. Once the weather forecast is complete, resume Siri from the 

vehicle steering wheel button and say "What about New York?": 

a. Observe that the visual indicator is still active on the phone. 

b. Listen for the Siri opening chime. 

c. The vehicle Ul should be displaying an on-going Siri session. 

d. Verify that Siri responds with the weather forecast for New York. 

In case the vehicle UI offers on-screen controls to activate/cancel/resume Siri, repeat steps (1) to (3) for all 

on-screen controls. 

Activate Siri from the steering wheel button and say "What's the time". Listen to the current time and do 

not interact with Siri or the iPhone. After 5 seconds have expired: 

a. Observe that the visual indicator on the phone is no longer visible. 

b. The in-car UI for Siri interaction should be dismissed. 

c. The head unit should resume the state before Siri's interaction. 

Listen to FM radio from the car speakers (no A2DP streaming active). Press and hold phone's Home button 

to activate Siri from the phone: 
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10. 


T1. 


a. Observe a visual notification in the in-car UI that a Siri session is active (textual notification, on-screen 
UI, etc.). 

b. Observe Siri's interaction on the phone's screen and ask "What's the time?" 

c. After Siri has responded, lock the phone again to dismiss the Siri session by pressing the phone's 
sleep/wake or side button. 

On the phone go to Settings and turn off Siri. Activate Siri from the head unit. Observe one of the following 

depending on the actual implementation (a) Voice Control starts instead of Siri (b) The head unit displays 

a warning that Siri Eyes Free is not available. 

On the phone go to Settings and turn Siri back on. Verify that Siri can be activated/cancelled from the head 

unit and from the Home button on the phone. 

Turn Bluetooth off from the Settings on the phone. Verify that Siri cannot be started. 

Turn Bluetooth back on from the Settings on the phone. Verify that Bluetooth HFP profile reconnects and 

that Siri can be activated/cancelled from the head unit and from the Home button on the phone. 

Make sure there is no accessory battery status level indicator icon displayed on the phone's status bar. 


14.10.1.2 Siri Dialog 


1. 


Activate Siri from the vehicle's steering wheel button and say "Send a text message to insert contact 
name". When Siri prompts for "what would you like it to say", dictate a short message. After Siri has read 
back your dictated message, say "Review it". After Siri has read back the message again, say "Review it" 
again. Repeat this cycle ~5 times to ensure that the head unit is able to handle a long interaction with Siri. 
At the end say "Send it" and verify that the message is sent. Verify that the opening chime is audible and 
the message is sent. After the Siri session is closed, the audio playback should go back to the state it was 
before Siri was started, i.e. if it was paused remains paused, if it was playing remains playing. 

Start Siri from the vehicle's steering wheel button and ask for directions. Follow up through the dialog 
until the navigation is started. Verify that the Siri session is closed and that the audio playback goes back 
to the state it was before Siri was started, e.g. if it was paused remains paused, if it was playing remains 
playing. 

Start Siri from the vehicle's steering wheel button and say "Search the web for polar bears". Verify that Eyes 
Free mode is on and that this use case is blocked by Siri. Note: In some implementations the vehicle has 
to be in motion before Eyes Free is activated by the car kit. 

Start Siri from the vehicle's steering wheel button and say "What is the current time in Munich?". After Siri 
has answered but before ~5 seconds have elapsed, resume Siri (e.g. by a short press on the steering wheel 
button) and verify that Siri is initiated again. Say "What about San Francisco?". Repeat (with a different city) 
and verify that this can continue indefinitely as long as you short press on the steering wheel button within 
5 seconds of the last response. 
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14.10.1.3 Bluetooth HFP A2DP Music 


1. 


Establish a Bluetooth A2DP connection and switch to Bluetooth audio source on the head unit. Activate 
Siri and ask "Next track". Verify that track advances and that audio is playing through vehicle speakers. 
Verify that the Siri in-car Ul is dismissed and the head unit goes back to its initial state. 

Activate Siri and say "Pause the music". Verify that audio remains paused after Siri has been dismissed. 
Verify that the Siri in-car Ul is dismissed and the head unit goes back to its initial state. 

Pause music playback on the head unit (via AVRCP command). Activate Siri and ask "What time is it?". Verify 
that the music playback remains paused after the Siri session has been dismissed. Verify that the Siri in-car 
Ul is dismissed and the head unit goes back to its initial state. 

Switch to FM radio on the head unit. Activate Siri and ask "Play me a song". Verify that head unit is able to 
automatically switch to BT audio and iPhone music starts playing. Verify that the beginning of the selected 
track is heard, e.g. there is no skipping of audio packets. Verify that the Siri in-car Ul is dismissed and the 
head unit goes back to its initial state. 

Activate Siri and ask "Shuffle all songs". Verify that head unit correctly updates NowPlaying track information. 
Verify that the Siri in-car Ul is dismissed and the head unit goes back to its initial state. 

Activate Siri and ask to play a specific artist or title. Verify that the Siri session is dismissed after the music 
starts. Make sure the correct metadata is displayed on the screen. Verify that the Siri in-car Ul is dismissed 
and the head unit goes back to its initial state. 


14.10.1.4 Call 


1. 


Activate Siri and call a contact with more than one phone number (home and mobile). Wait for Siri's 
response to ask for which phone number to call. Answer with "home". Verify that call transition is handled 
correctly by the head unit and any Siri UI displayed on the vehicle screen is dismissed. 

While iPhone music is playing, activate Siri and say "Call insert contact name to call". Verify that call 
transition is handled correctly by the head unit. Verify that iPhone music playback resumes after the call 
has been answered and terminated on the far end. Verify that the Siri in-car UI is dismissed and the head 
unit goes back to its initial state. 

While iPhone music is playing, start Siri and say "Call insert contact name to call". Verify that call transition 
is handled correctly by the head unit. Verify that iPhone music playback resumes after the call has been 
answered and terminated on the near end (i.e. on the head unit). Verify that the Siri in-car Ul is dismissed 
and the head unit goes back to its initial state. 

While in a Siri session, receive an incoming call on the head unit. Verify that head unit handles call-signaling 
correctly and transitions to phone UI once the call has been accepted. Verify that the Siri in-car Ul is 
dismissed and the head unit goes back to its initial state. 


14.10.1.5 Bluetooth + Wired iAP2 


1. 


Connect device to head unit via a Lightning connector (iPhone 5). Switch to iPod music and verify that 
audio is playing. Activate Siri and say "Next track". Verify that track advances and head unit displays track 
metadata correctly. Verify that the Siri in-car Ul is dismissed and the head unit goes back to its initial state. 
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2. From the head unit UI, select a playlist with a single song and start playing it. Start Siri from the vehicle 
steering wheel and say "Play .......... make sure to select a song to play that is (a) not in the same album 
as the single-track playlist and (b) not song track index 0 of its album". Verify that the new song starts 
playing and that the head unit displays the track metadata for this new song correctly. Verify that the Siri 
in-car UI is dismissed and the head unit goes back to its initial state. 

3. Turn Shuffle off on the head unit UI. Then start Siri and say "Shuffle all songs". Verify that the shuffle indicator 
on the head unit UI is updated and the correct track metadata for the new now playing song is displayed 
correctly Verify that the Siri in-car Ul is dismissed and the head unit goes back to its initial state. 

4. Switch to FM radio on the head unit. Activate Siri and say "Play me a song". Verify that head unit is able to 
automatically switch to iPOD audio source and that audio starts playing through the speakers. Verify that 
there is no skipping of audio at the beginning of the selected track. Verify that the Siri in-car Ul is dismissed 
and the head unit goes back to its initial state. 

5. Pause music playback on the head unit (via iAP2 commands). Activate Siri and ask "What time is it?". Verify 
that music playback remains paused after Siri session has been dismissed. Verify that the Siri in-car Ul is 
dismissed and the head unit goes back to its initial state. 

6. While iPhone music is playing, start Siri and say "Call insert contact name to call". Verify that call transition 
is handled correctly by the head unit. Verify that iPhone music playback resumes after the call has been 
answered and terminated on the far end. Verify that the Siri in-car Ul is dismissed and the head unit goes 
back to its initial state. 

7. While iPhone music is playing, start Siri and say "Call insert contact name to call". Verify that call transition 
is handled correctly by the head unit. Verify that iPhone music playback resumes after the call has been 
answered and terminated on the near end (i.e. on the head unit). Verify that the Siri in-car Ul is dismissed 
and the head unit goes back to its initial state. 

8. Pause music playback on the head unit (via iAP2 commands). Start Siri and say "Call insert contact name 
to call". Verify that call transition is handled correctly by the head unit. Verify that iPhone music playback 
remains paused after the call has been answered and terminated on the far end. Verify that the Siri in-car 
Ul is dismissed and the head unit goes back to its initial state. 
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15. iAP2 Protocol 


Third-party accessories can use the iAP2 protocol to access advanced device features. One such feature is the 
ability to communicate securely with third-party iOS applications via the iOS External Accessory Framework. 
For information about the External Accessory Framework, see http://developer.apple.com/library/ios/#fea- 
turedarticles/ExternalAccessoryPT/Introduction/Introduction.html. 


To incorporate the iAP2 protocol into an accessory design, the accessory developer must be a member of the 
Apple MFi licensing program and integrate specific MFi hardware into the accessory. For further information 
about MFi, see https://developer.apple.com/programs/mfi. 
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16. Device Dimensional Drawings 


This chapter contains the following dimensional drawings: 


e iPhone XS Max (page 93) 
e iPhone XS (page 94) 
e iPhone XR (page 95) 
e iPhone X (page 96) 
e iPhone 8 Plus (page 97) 
e iPhone 8 (page 98) 
e iPhone 7 Plus (page 99) 
e iPhone 7 (page 100) 
e iPhone 6s Plus (page 101) 
e iPhone 6s (page 102) 
e iPhone 6 Plus (page 103) 
e iPhone 6 (page 104) 
e iPhone 5s & iPhone SE (page 105) 
e iPhone 5c (page 106) 
e iPhone 5 (page 107) 
e jPad Pro (10.5-inch) with Wi-Fi (page 108) 
e jPad Pro (10.5-inch) with Wi-Fi + Cellular (page 109) 
¢ iPad Pro (10.5-inch) Magnet/Hall Effect Sensors (page 110) 
e jPad Pro (12.9-inch) 2nd Generation with Wi-Fi (page 112) 
e jPad Pro (12.9-inch) 2nd Generation with Wi-Fi + Cellular (page 113) 
e jPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors (page 114) 
e jPad (5th and 6th generation) with Wi-Fi + Cellular (page 116) 
e jPad (5th and 6th generation) Magnet/Hall Effect Sensors (page 117) 
e jPad Pro (9.7-inch) with Wi-Fi (page 119) 
e jPad Pro (9.7-inch) with Wi-Fi + Cellular (page 120) 
e jPad Pro (9.7-inch) Magnet/Hall Effect Sensors (page 121) 
( 
( 


aT ame 


e jPad Pro (12.9-inch) 1st Generation with Wi-Fi (page 123) 

e jPad Pro (12.9-inch) 1st Generation with Wi-Fi + Cellular (page 124) 

e jPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors (page 125) 
e jPad mini 4 with Wi-Fi (page 127) 

e jPad mini 4 with Wi-Fi + Cellular (page 128) 

e jPad mini 4 Magnet/Hall Effect Sensors (page 129) 
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6. Device Dimensional Drawings 





e iPad Air 2 with Wi-Fi (page 130) 

e jPad Air 2 with Wi-Fi + Cellular (page 131) 

e jPad mini 2 & iPad mini 3 with Wi-Fi (page 132) 

e jPad mini 2 & iPad mini 3 with Wi-Fi + Cellular (page 133) 
e jPad Air with Wi-Fi (page 134) 

e jPad Air with Wi-Fi + Cellular (page 135) 

e jPad mini with Wi-Fi (page 136) 

e jPad mini with Wi-Fi + Cellular (page 137) 

e jPad (4th generation) with Wi-Fi (page 138) 

e jPad (4th generation) with Wi-Fi + Cellular (page 139) 
e jPod touch (6th generation) (page 140) 

e jPod touch (5th generation) (page 141) 
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16.1 iPhone XS Max 





16.1 iPhone XS Max 


Figure 16-1 
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16. Device D 
16.2 iPhone XS 
Figure 16-2 
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16.3 iPhone XR 





16.3 iPhone XR 


iPhone XR Dimens 


Figure 16-3 
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Figure 16-6 
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Figure 16-7 
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16. Device Dimensional Drawings 
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16. Device Dimensional Drawings 


16.13 iPhone 5s & iPhone SE 
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16. Device Dimensional Drawings 
16.16 iPad Pro (10.5-inch) with Wi-Fi 
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Figure iPad Pro (10.5-inch) with Wi-Fi Dimensional Drawing 
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16. Device Dimensional Drawings 
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Figure iPad Pro (10.5-inch) Magnet/Hall Effect Sensors 1 of 2 Dimensional Drawing 
16-18 








1 

G, Apple Inc. 

™= NONE [= 2 = J 
1 



























































190.75 
SPINE MAGNET REGION 











































































































2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


110 


16. Device Dimensional Drawings 
16.18 iPad Pro (10.5-inch) Magnet/Hall Effect Sensors 





Figure iPad Pro (10.5-inch) Magnet/Hall Effect Sensors 2 of 2 Dimensional Drawing 
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16. Device Dimensional Drawings 
16.19 iPad Pro (12.9-inch) 2nd Generation with Wi-Fi 
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Figure iPad Pro (12.9-inch) 2nd Generation with Wi-Fi Dimensional Drawing 
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16. Device Dimensional Drawings 
16.20 iPad Pro (12.9-inch) 2nd Generation with Wi-Fi + Cellular 





16.20 iPad Pro (12.9-inch) 2nd Generation with Wi-Fi + Cellular 
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16. Device Dimensional Drawings 
16.21 iPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors 
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Figure iPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors 1 of 2 Dimensional Drawing 
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16. Device Dimensional Drawings 


16.21 iPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors 
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iPad Pro (12.9-inch) 2nd Generation Magnet/Hall Effect Sensors 2 of 2 Dimensional Drawing 
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16. Device Dimensional Drawings 


16.22 iPad (5th and 6th generation) with Wi-Fi + Cellular 
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16. Device Dimensional Drawings 
16.23 iPad (5th and 6th generation) Magnet/Hall Effect Sensors 



































































































































Figure iPad (5th and 6th generation) Magnet/Hall Effect Sensors 2 of 2 Dimensional Drawing 
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16. Device Dimensional Drawings 
16.24 iPad Pro (9.7-inch) with Wi-Fi 
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iPad Pro (9.7-inch) with Wi-Fi + Cellular Dimensional Drawing 


16. Device Dimensional Drawings 
16.25 iPad Pro (9.7-inch) with Wi-Fi + Cellular 
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16. Device Dimensional Drawings 
16.26 iPad Pro (9.7-inch) Magnet/Hall Effect Sensors 





16.26 iPad Pro (9.7-inch) Magnet/Hall Effect Sensors 


Figure iPad Pro (9.7-inch) Magnet/Hall Effect Sensors 1 of 2 Dimensional Drawing 
16-29 










































a v | = | < 
va 
” 
6 
g| [4 
&|. 

p Ww 
ai 
al 
<i 
CEAK 

9 N 
tn i 
tig g 
5 
a8 
iz 
Ean 
ia 
26°E0! 
in po (sue"s6) 
(sce*6s)| 
\— (SLe"e8 
— ae ) 
(se*92) | (sve*zc) 
ao z 
wu (sce*12)| 
(Be*99) ti 
o o 
+— (SLE*6S) 
z 
1 (sve*zy) 












w 
+— (SLE* 1+) 
z 











































































































ae eres 
4 (s21"ve) — (sce*se) 
i : 7 w 
i (see ez) — 
+ @s SLE*EZ) 
go = = Re ree) 
<A gh “27) (sie-21) 
12 m <(scere1) —4 t— (SE"ZT) 
Be Se é ” ae 
qe Se 8 HU cove 11) 
— 446__|% : a | = 
Sree |B {00°9) ee He) 
45593 | (coro) ae ite) 
go22 < 8S i 
gore a3 10 
ISPS i, 2 sie 
fh! é 1 (sze*11) 
lated (sce*zt) - (sue*et) 
aes (s1e"e2) 
a — (5. 
o> a 2) 
85 (ste-ez) — |__(sve-ez) 
z 
|— (sve‘se) 
w 
(sce*1¥) — 1 (sve* 1%) 
z 
o ++ (SZe*ey)| ? 
(Sir-2¥) 4 
w 
1 (spe-es) 
z 
a 1 (see 12) 
A 
a + (SLE*L2) 
m Zz 
a sle"e8) 
Ni (sce*es)| 
oS |__(sve-6a8) 
z 
i (sze*s6)| 














or 
_ 








y = 
3 3 a 
id 8 ~ iam) 
= 3 
s . 
5 & 
a fan 
i i oo 
t it pan 
g ug iio 
8 43 hate) 
+ 32 7 . 
a) in Zw 
rd 
mes 
N35 
J t 
/ at 
Su 
25 
\ ba 
a 
a Lo} a < 








2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


121 





16.26 iPad Pro (9.7-inch) Magnet/Hall Effect Sensors 


16. Device Dimensional Drawings 


































































































































































2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
122 








ee € vs] SNON ne 
a eindical a 
; % INO 33) YSyv3dS 
oul eddy 
2 (.sb) xz 
Ww 
_ 7] No1Lo3s 
SSV70 43A09 
{o)) aNnoy “IV vaHy 
c SROTIVIOT HSWvSaS 
gS —_ 
VBuV LN d33¥ ONY 
OQ YiXS S98. ES vSS 
= AVL WIS 
is) 
= Ls, 39v05 
oO TWvL30 {. 7 
or 138, 2v95 
4 Notas 
c 
eS a 
a ¥ 
a 19°81 \ 
6 O s 
oer 
fo) : sIETEZ 
N 
n —_ 26°9 99 OL LIX3 SIW 
fo) (SeaNuOd 4Ng2 TV) 
2) za'2 
Cc 8S°0 1B FWos 
Co) £0'0 _4- | Nortdas 
Nn 00°0 
~ 
U 
= * 
Lu 
© e 
I uous n-o 
> ($3018 Tv) $38 8 2 8 8 __ tered 
TH 371408 annoxe eit hs Oe 
wv 4 3 TWLNOZ 1 HOH _WO'4 90" OL SNOLLNTE 
Cc L ~~ Sao sE°EZ LV OBN3IA 
fon) 4 SS, viva ONINZdO BYNSOIONA OIE B 
gis / 61's 
ise} 60's (SLOWINOD OL) E12 XE 
= esth 
one 
= 
27 : FWLNOZ1HOH_WOH4 
$ ae | 7\_ BEER owe o 
/ 1: "2 
Cc ooo —1 ! (SYNSOTONS OL) O81 XE S 
: ~ ge 
‘Ty were sai V9 Andou 
N q 
oO 
— : F Ss C> 
° UBANVHO ANIHS 2 Paivise 
= 3 
jae 
TVISO-IOVINOD-SOTS 
To iS 
& y z . 


Figure 
16-30 





OSLVYSN39 XN 







































































ing 































































































































































































ional Draw 





















































Imens 














































































123 



















































































ings 


| Draw 


Imensiona 
iPad Pro (12.9-inch) 1st Generation with Wi-Fi 


16.27 iPad Pro (12.9-inch) 1st Generation with Wi-Fi 


16.27 iPad Pro (12.9-inch) 1st Generation with Wi-Fi 


16. Device D 


Figure 
16-31 








































































































ex t «| SNON_ |G So | 
w . 4 1#2@ AWOoS 
“ra seen san +S'0F STONY Se"E sere a y v.30 
uo}904SsuUSsg 45] o80°OF XxX" Z1HOH_ WOH nae 
La4- 1M ore xxx Pa LVdaM3iA WW oF inosssn 
(YSU1-6°2ZT) ONINSHD SHNSOTONS OLED “—_GUYMLNO GN AGOE_OL eve YOLISNNOD 
ou Od! HSM Vaav 1NOGISH a 
Id PPd ‘OLOSNNOO ONT LVN . 
ever “ONT sev ; ‘ SovsuNS LV 
she oli / \ = LNGda3y NOLLAG SWOH oie 
elve2ve ONT ed¥ H i Be *E+ [1] —}-—_+ + BE‘Ey [1 Os"+T age 
“uve ewes | } _ =8°8 
‘pul elddy “S) SRILAIN } i | og"Ed |L lic og'e2 [I 
(oviNog OL) ET*2 | | \ wie Th Leore x» jl — 250 xz [5 
(EYNSOTONA OL! SB"T XE ~ — - 
Sissi naiaik Sata fl | fee NoLLn@ =WcH [F] BeLoF: 
lee S1voS pire cvbrrsnd viva xawoa— \_ annowe | 0s'6 se'r xz [5 
Q Tiva3d eae 
TWANOZIHOH_WOHS suayvaes [7 = WIL 
aS sE761 L¥ CBN3IA y 
1AO4) NOD SOvWL va Lonaod 4 SovauNs VINOD ost2z go 
YuBN¥D INOYS _ 
are a SLOVINOD AOIS sere [1 aRteeia 
, : . Fam T 
P suit wviy. Los osrez HH | : 
(AGA) NOD SOVAT | | 1 I TWAS HLIM vBuv SSv79 
YeiGAYD INO Sra Tontl Seo" Ln" ca 
oove LNAI WNNSLNY [5 
3NOZ 1NsIS4 1 S0v4uNS LY 
veanvo iNOk4—_ Tnoda3 69°S0E 
eee o NoLiNa WOH [+] 
>) q ostet @ ssvawoo 
2 s6"9 of fo s6"8L 
1#2 31VOS 
@ vivisa 
3NO9 STV SS¥T9UBAIO sw eral [E] 
— Sal ~ 
BOVNS LV 
3NOD SW 66a x2.) YSSAVI LNOHS 
v2 g * so & 
BOV2HNS LY LNOsaSy 
VHSINYO 4VEH v) 
Bry 
Bi ee 7 yuanyo LNOud 
Lve gh ezort [2 
5 NOLLNG sw tbtet xz [E 
—3AMOAT-) vauy SALLOV : 
ys'Sr AVTdSIG 19°961 Seb d 
(AO), 3NO3_ 39¥W sw 00'0 [E} aie 
VuSNVO YSU YSN BWSY Noniae 
.S'8S alee se s9¢ OT SNTOA +1 Nowine as*oze 
OW u¥ay Ang 
£022 awWA/ e315 
ost 6 TF) L 16°8 
SNOz incas3y i L es . 3 rv coht 
VUaNVD HVSH .0'98 q — eines a a-— Geral 
ye “ cvese Gf 
e6'o x2 [1] VYBNYD BYSH 90°C 4 }+——— Hd SS¥dNOO 28" [ a 
eottr Of a6°z Z 
QIN Bais €9" 11 = Nowina 
YUSNWS HWSe inoeasy | SYM? S 15: 
—— eott 7 aiw 3a1s_/ Olt y 
og"t 
LI ON Bv3H 2 B6't 
anoo SV evar i 
oS°BL - aovauNS LY 
1 3NOD SW 50°Z 
WIN HLIM SSV79 LonYLsEo 
a oe NOLIN SNOH SHI Lonuisao 
auvaino any Nog OL (Sv) YOSNAS 4HOI7 LN3IGAV Loneisao 
HSM14 VaHV LNdda3H VeSNVD UV3E *VHSAVO INOS ISIMLVS4 ONTOVAT LONYISEO 
3OLOSNNOD ONTLWW [I Ge eysue * f ae F e 
SHBYVaES ‘OVP OLONY §DIN YV3Y “SIN SUIS SONIN3HO D1LsNOIV LoNkisao 
os'a g 
i z & v 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 





iPad Pro (12.9-inch) 1st Generation with Wi-Fi + Cellular Dimensional Drawing 


16.28 iPad Pro (12.9-inch) 1st Generation with Wi-Fi + Cellular 





16. Device Dimensional Drawings 
16.28 iPad Pro (12.9-inch) 1st Generation with Wi-Fi + Cellular 


Figure 
16-32 

































































































































































































































































































































































































































































































































































































































GaLVeEN39 XN zg ¢ ’ 
ra Sra Faw Bi =a 
ex 1} anon GC) “BS B33 
. S6"E ts 182 AWOS 
val "yoneu89 rae «5°04 SaTONV z syinori yon nous ‘za 
050°0F yox"x . E61 Lv CANS 7 Zee 
SO|N]/e9 +14-! ih sey \ J ONINadO SYNSONONS OLED a oe 
[youl 6°27) : ere Xp a wl 
v O4g POd! Son { \ ‘| L . S9"E] Vv 
suistom moan mbit | + | haeens +t Pg Zy | [ 
Ba duab aiveee TON Sav aS 
saute i 1 Z LHC CHVMLNO GN¥Y AGOS OL S3OVsuNS Lv 
a SLED SO tS Tt ao Fe rs Lik eT Gansta Hise Waey easy noussx woul andi SF, IL agi S33 
utes Hes 318 eet etl \ f SOvdENS 1SVINOD os*z go ROLANDO SR TANI ogi a* o> se-a 
4 % N\ ’ 
‘Duy elddy SILA SS Rae Ape 
ane NOLLAG SWOH 
(19VINOD OL) E1*Z XE wive aus a ¥ s001 
= Lua —annowe : 4 oo 
(Bunso7ONa OL) eet 1 xe seer [1] Be erat : 
“479 sondoud ous = 627011 | 2s'ob xz [5 
— SLOVINOD 31S ogrez [1] ogez [7 : }— 
Ts€ aqvas S) | L. = s——+|— gE *o> 2+ geo 
Q Tvi3d = = ase x2 [5 
BNOZ 10433 7 —7 PF = C 
yusnva INGd2 TTVTS0-TovINOS-SUTS jee ein coe xb [7] 
0°98, H 
4n0d33% Suy¥EdsS NOLLAG 3WOH 
4OLDSNNOO 
(AQ4) 3NO9 SO¥NI a | 068 
WuanvS INOU " ONINIHOT 
sre LEO! fe—ez"o11 f yauY SS 
—— Cf 1) TLSGO LON 
@ aN 4N0433% WNNBLNY @ 
aQVauNS LVv_vauy 
(AOS) 3NOD 39VN1 | ) BREET 
vuanvd INOS ZOv-uNS_Lv L033» 
ore os‘ez [T inodaay VNNALNY ———+ 
% NoLing 3NoH [%]—~ eo 
ang? anguza» Sa 1 
3NV9 LNOSs . 
eee 960 x2 [1] oath! @ 
SSVdN0O 
2 swas aay 4NO433 YNNBLNY se"ae 
@ qiviaa Se"Lb 69° SOE 
~ aNoo STW sere be veeerie SS¥aINOO — 
SBE Be*81 
s0vunS Lv LNOd3a¥ VNNBLNV 
BNO STW | eevreuanog  YE2AYD INOW 
2e2 go porit [Z 
BOVAHNS LV 1N0d33>4 ae WHaAVO HVaH i a0) q 
s - : ncaa si'9 T 
a> / » OW BV3e e 
® \ YHSNYO LNOU 
eee | : | 4 oo eo isoin_> ez-oll [2 | Bee 
Be VHANWD BVSY oe: sw thet x2 (E 
3 96-0 xz [T]-8 + aovauns ssv"19 Ell 5 
2) a NO WLW LIM Vay WAEV. SNL OY (s30v7d 2) 
SIHL Lonulsdo LON —~ AYIASIC 19°96! : 
(AO41 SNOOD_ SOV 0d LAOdSay VNNGINY savinero _| sw oo'2 & [E] 
vuanvo uvae = {s] 
sS'89 sist [3] VeaAVO uVaE 00"0 x2—tHr— Noting swadQuine astozz 
WLAN HLEM MOCNLM YNNBLNY vortt [T oz"Ol xz [- ave 
trie ANGd33¥ WNNSLNY 2 = oe + 
VEaNVO BVH .0°98 [3] aN NOLLNG @ oe*o1 ry coer Gi 
Ba°SzZ1 veel [i] im Snr Ate) ryveste [1 
fee} SE“ ya t Eotze i 
—] js — 
a NOLLNG 
@OrD -fo|fo—Hid 3d SSveNO9 29*> SYM 33 1S 
pt 96°2 OL" 
OlW BGIS EStIT—/_ Lay 18° TWLSW_HLIM Vay 
LGaaay SIN AS1e OE" 8671 SIHL LOMEISHO LON OG 
ana ea oIn Sas Lnoda3y YNNALNY [5 
SRL =i BOvauNS LY oat g 
BNOD STy 50'Z = 
TW13N HLIM SYNSOTINS LoNwLSEO LON od [8] 
a WISN HLIM SS¥79 Lonwised LON oa [E a 
WA O*e1 Lf NOLLNG 3AOH SHL LONYLSEO LON og [¢] 
QYMANO ONY ADE OL 9090 os (S1V1 HOSN3S LHDI7 INaT@AY LaN4iseO LON od [E] 
MOLDENNOD ONTIWW [ET VUSAVD YV3Y ‘VEIAVD LNOY4 tSBYMLVI4 ONIOVWI LONwLSEO LON OG [Z 
58:8 SUBYV3dS "OWT DIGNV "SIN BVSY "DTW 3GIS :SONINSdO S1LSNGDV LONYLSEO LON OG [T 
‘SELON 


















2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
124 





16. Device Dimensional Drawings 
16.29 iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors 





16.29 iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors 


Figure 
16-33 



























































iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors 1 of 2 Dimensional Drawing 




















” 
6 
Li 
Ly) 
2 
IC) 
IZ 
Hl 

































































a ay | By < 
- 
a Nie 
a Se, 
x hy g 
Ne 5 
. A 
\ Bl 
. Ble 
\ < 
\ “ OF 
+ Wo 
a 7 i Zu 
{ fo 
;  a< 
/ oO 
; wo 
/ 
| / 
4 J 
S wt 
7" a 
— . 
b See. 
5 = 
8 
im 
7 
tig 
& 
g 
28 
26 
Ea 
iF 
2 
8 
; a 
8 
a 
3 
2 
2 ( “J @) ) 
a t ) i 
3 ae 
3 
o ny 
g 
al § 
7 6 
5 g F 
= f 
2 " : 
g§ & gu 
a Qa : 
os a ES H 
& b : 
5 a5 : j = 
g 4 ape : a 
s Riad f c = 
8 tied i © au 
Bey 5 ae 
8 wodzx - f Pa Bor 
- oars 8 i g . 
8 yeog3 d ! Es fe oo 
c2h 3 : Gm < 
sf & & ai « 
ik if 4 & Su Bb 
o Bfiss R Tr ! a $2 fa 
2 a poz & i 8 ue A 
qe a Bu 
- sy ) ae 
5 Yoo , 
: ae : so 
& > : 
bz i 
ca : 
= ee : 
ry gS H 
a SB f 
3 3 : 
g 2 i 
apo 
= fi \ 
* Ly ‘3 ; 
<= 4 
= © 
a = 
° 4 
8 u 
8 
t SS 
¢ 
o © 
| ls i 8 
8 wi 8 
‘a & 
— i) 
a 
5 
2 = 
: ee 
thee we - 
8 a ms 
<u SS 
£8 \ 
| ? \ 
/ \, 
\ / \ 
i \ 
i i nae 
! + a0 
| ae a 
= \ j £4 
t t t= 
\ j ax 
\ , °9 
\ a 
\ / 
/ 
¥ 
= ra 
~N a 
Z = 
a oO cy < 








2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


125 


ee 6 | SNON oe] 

















‘oul eddy “-) 











HINOS = uSa 
HIZON = INi 
9/9_42V1NO9 3C1S Y31N39"01 SNOISNSWIG 


(VLNOZIHOH WOHS £7611 7/3 LOVINOD Ly S9WdENS ONISNO# OL TWAHON NNGHS ALIxW10d 
TT¥Iad SIENSVW SNTES: 


BE'6IT BETIO] BEER BELL BE"6S BE'Ib BEEZ BETTI SEIT SE'EZ BE'SE BETL> BE'IZ BE"ES BE'SS BE'ZOT 




















ge"S21 SE"ZOI SE°S6 BE*ES  BETIL Bef Lb ge*el BE"6Z BEtIb = BErES BE'LL E68 BE'IO BE"6T 


T'S 3WOS 
J oqivisa 








TWINOZ1HOH_WOH4 
sE°61 LV C3N3IA 
jONINSdO SENSO TONS OT"E B 


(LOVLNOD OL) E1*Z af 


(GuNSOTONA OL) EBT XE 


WW1NOZIHOH_WOHS 
sE°61 LV O3NalA 
SOVAUNS VINOD oS*2 gS 





~. | a 
Ren ee ee 
aa 
viva [ \ 
vs: 


_usmod aNnoxS 


2 Loncoue 


2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
126 














| 6d8 | 
SF 








iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors 2 of 2 Dimensional Drawing 





16.29 iPad Pro (12.9-inch) 1st Generation Magnet/Hall Effect Sensors 


16. Device Dimensional Drawings 


Figure 
16-34 








o 














































































































































ing 


ional Draw 


imens 


4 with Wi-F 


4 with W 


Int 


i- 
inl 





































































































































































































































































Pad m 


4 with Wi 


ini 


16.30 iPad m 





16. Device Dimensional Drawings 


16.30 iPad m 
Figure 
16-35 




















ANON Qriwi3a Qnivssa SSVI9 WON «82 
(weet) Wm 9*et Cuyitino d-d 
A SATS : : 
a san swinwin =S'0* S3TONV NOLINa ANON Sue TnEeoor (96"92) ———— + (es 9) 
SOOT XKX"X, (og‘ot) o (2v-e) & xz HOLSSNNGI Or Wo] Lo ————a \ 
Ortos  xx*x (ig't) xz [2] \ 
l4-1M % 1UlW edd! ‘i - \d 
Sov 44Ns (sez) (a' ie) [2 (vs 12) [2 - db a 
wt Lv 1nodsay y 
Snide arid 6 pies (ees 
‘ONT Tae ose!) 6 ogt eT Ss Z ssv79 OL 
a eicey ( 198 (v8"9) N lL rie? 0E S310H wayVvSds 
51760760] eae 5 (.£*82) 
ava re } 
SSV19 WOH4 -E°EZ GH (BE"z9) (2E* ov) 
S- Sinaia = * 
+ (10's) 
7 — ~ a + — 
Sw © 
ry ry qq S mets © (te-er) Q-Siaa 
BE "OY, f / 
(error) (4 sno 
‘ —WNNALNY [T SNOZ a 
(42) ——4 | i eee 
(0201) xz : ol n / (098) 
| 7 am {a 
XS tJ C4 ) (gt E02) 30v 2S 
— camer s LV_3NOz 
i a) tnodsay 94 
(c0°2) xz ee (es"e) 
190a334 SNOLLNG NSUNY [T]— 
oIw sais Seite Nokine AION wei (Od) VEEWYD INOW 
(ost) @ [2] SINTIOA (+1 SANTA t ~ 1 (vor 1) x2 — VANS, 
os*Z1 
IW 301s q ( ) . 
(08'0) ¢ oN (e's) xz {es'e) 6 
\ p} 
= 1 f s 
goV2uNS ~ 1a sw 
snooy mayer | IW 301s [21 315 (ory) 9 xe (ovat) 
4v-Lnddaa%— (0°2) [2] — —(e9r11) 2) 
LHOIH SIV (ee"z9) 94 
Yy-inaia (grat) \Yiviaa 
lorzz) 
SNOZ Wivl3d e = ¢ NOD STV 
nods Ou Ss q Sede: SSVS NOES EEE (82* 19) (.s'az) & WA O*%1 GuYMINO 
ee eon 9 £e ee = (ey 
B0V4uNS LY a OIW Bvsu WYO HV HOLOSNNOD FY 
Rodaay . : SS3NWOIHL B0v4uNS LV 
\ (oe'0) ¢ [2] / , (60°98) EE) Landed yo Nsw 
(3) 5 a (so*z) 
} a 
= cet = fo} 
ee ae f [L af 
seve ot srow | WS" dW (2tr+1) (v0"1) Vv o (08"z) 
7X (are 3 
(.e"€2) (ers) 6 EE] Pier im (oss) ¢ 
(gertt) xe (vont) stv 8 (rv) OWE olony 
ov uN <b 
Bn0gv NAG" (v2"81) 
LW. LNOds3y “ssyt9 HONOL 
*NOLLAG 3NOH 3HL LONYLSEO q 
*(HOSNSS LHOIT LNSISAV) STV HL LonYLseo 
“VEBNVO EVSY 'VHSNVO LNOMJ !SauNLV34 ONIOVAI SHL LonyLsao 
(wre) one wz Rey pa ceaNb “SUBS ‘IW HVZY ‘OIN SOIS #SONINSdO ILsMooY SHL Lonyiseo Zz 
(Ou) VeBRWS URE sE°EE LOWLNOD “WSN ON 4noda3y wNNaLNV [T 
4 134 
I z e ¥ 


2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
127 





o 

































































































































































































































































































































































































































2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
128 


4 with Wi-Fi + Cellular 


4 with Wi-Fi + Cellular Dimensional Drawing 


ini 
ini 



































AW La0d 33% 





(wu) SRW BWSy 
(Ou) WaaWYD UvEy 




















ssv9_OL 
NOLLAS HaMOd 
EE 








giivisa Qrivisa Ssv70 WOH «°8z 4 
(sre) sgh sano ads N-NM374 
a snes Sor SITONY NOLLM@ SWOH Ysuv lnodasy (96°9e) a arma 7 (g6°9e) A, 
oso'aF  xXxx"x (os‘o1) g (2e"e) a xz HOLSANNGD {01 a | ——— es - 
YO]A}|/eQ + 14-IM alto xx"x | | L | © (iat) xe 2] 
tutu Dd! I i . 
ak sov-uins (sr"2) (az) Gertz) Bl 
iy Inogs3y 
- NOLIAa SAOH P sg reser tra) (se-z9) 
Ist 760/60 (og'rt) ¢ [5 (os*et) S — a 9° sSSV79 OL 
80 ( ) 9 [5] (ve"9) N 7 r fe DE S370H HayVads _ 
lsi7e07e0 >| (.2782) 
— CS I 
3NOD inOdSa¥ N [9] 
NOLING SNOH 7 a fs 
soot [5] 
@H (ge*z9) — 
SSV19 NOK .E°EZ (zE*o+) (ze"ov) 
Sains (os"9) — (iors) 
(ern) (ere) 
+ .) ¥ 
| i 
— nara 
(oe*0r) ae (se"15) inoasz»| noes ana 
| WNNALNY | [T]— — VNNELNY 
3N0z 
Z inoda3y 94 
AVL aes 
WIS (0°98) 
(ee"1) —#Le aly = 
| —{3] 
‘) (g1*e0z) 
o 
: Sov 4uns 
€0°2) xz 2 
inod3a» ( SNOLLNG iv inodS3y 
oIW adis neiaaa Rarate SWATON (2) veswD INOW 
(ost) @ [2 LSannoa c+) BWIA C-1 Ot ale EEDY Sees 
(ornxe WNNaLNY| [1] — (ese) # 
OIW 301s 7] 
on 6I°sl 
(080) 6 ia [8 (s1') x2 a | ene 
ts | 
p= ae 
noe Nats oxahal rn DIW 3015 3IW 3018 t 41437 sw 
iy. Lnodaay (resst) — 4 (coz) E]—+| eo) (00"+) g xz (avo) [F 
fj >) xz inodaay = 
(o8* 12) xz WHNGLAV [TE LHI STV . ee 18)aa 
MY amar Gd u (se'91) BJ ¢ ) 94 \Yyrvisa 
ote nivisa are (os 12) (0812) ayo sav 
iN0d34ay OY d OIW Yv3e SSV719 WONs -E°EE fa +c) > WA OT¢t CeYMLNO 
(0°98) (os't) ¢ = TENSIA ¢ oa 6, Sn 
s0v4uNs iv \ - OIW uvay WYO YvEy : HOLOSNNOD CY 
NOAZA! . SSANASTHL sovuns iv 
Bee (oso) 4 (60 9) 4ondoud NOD Sov 
. perme ncn ig \ (95 (s0°2) [F 
——, \ = SZ j ZB) | 
= - / i ff = 
inodaay . 
SSV7O 91 S1OWY WwW v2 (211) (e0°1) Vv x (082) 
: 4 (sts) ¢ EE inoeaa <i ee 
(e762) — qd WANSLNY [7] (oss) @ eed (00-1) 
feos) xe Gort) Siv 8 (tv) )Owr O1Gny 
Soy 4ens 
BAOSY WA" T (vzrat) 


*ssv79 HONOL LON od 
"NOLIN SWOH SHL LONYLSEO LON OG 

"(HOSNAS LHOIT INSIGAV) SI¥ FHL LONY1SGO LON oa 

*VEANVO MVBY ‘VHSAVI LNOHJ #SBYNLVA4 ONIOVWI SHL LONYLSGO LON OG 


“SUSWVEdS "DIN HVS ‘DIN 301S #SONIN3dO DILSNOOW SHL LONYLSEO LON OG 


ALOWLNOD TWL3N ON LNOdSa YNNALNY 








4 with Wi-Fi + Cellular 
Pad m 


ini 


16. Device Dimensional Drawings 


16.31 iPad m 


16.31 iPad m 


Figure 
16-36 





os 


























Se) 























16. Device Dimensional Drawings 
16.32 iPad mini 4 Magnet/Hall Effect Sensors 





16.32 iPad mini 4 Magnet/Hall Effect Sensors 


Figure iPad mini 4 Magnet/Hall Effect Sensors Dimensional Drawing 
16-37 


















































































































































a vo | e < 
3 || 
ye dug 
Q |i Z| 
Ble |O} 
a 
a Z| 
13) 
b b —— 
5 5 
ig ig 
ral ee 
tig S ic = 
3 8 4B 
38 fed 32 - 
£8 x tA OS (0268) 
[> 
(0e*68) 
(or'se) 
iz 
(o1'tz) : 
wl 
(01-6) ——}}-: Pa 
ad ET 
= 
Ory’ 1 2 
¢ a] a é 
(ott) Hic i 
a z 
o1*se) —} 
¢ ) i 3 
po (#122) oO a 
22 ap NT, 
8 ie 
oR (orez) i easy 
lot z 53 
Fu z (ore) =| Ne 
err (ert) — Z i Fa 
i > A B uy, 
aGe5 e : © (ortr) Bhs 
45599 if H © ie EE 
aa 6 (vtrz) i er eaiiaay 
Sj FzGen co} XI Ry eee | 
BORE S2Z (00'0) i 5 ‘00°0) —— 
Ber Boe 9) gg (orn) ae8.. 
yi 6 oy SO = OE: 
ie 8 ou mn (Geran) 
Eo ““@ (ge*01) —] 7 (orrtr) |. ZO" * 
ee 3 Fa in| 47S 
Su 8 wi (orezt) bt | ARS 
3. in 
®5 Zz 26 
(o1ez) —}+; pos 
o &5 
(ge"82) —]} (ot ez) —} g 
i Zz 
(o1°Se) 2 
(9&°SE) Fa 
(ottty) 
Z > 
‘ E 
(o1*zy) i © 
= le} 2 7 
i 
(ores) 
oe 
. 
& (ortz) it 
(0064) (ors) 
g 
6 
& 
) 
LA 
g 2 g 
3 g 3 > > 
y 3 2 
a 5 
fay 
ma} 
Be 
24 
io 
é 
alo 
CEP 
ey 
Zu 
N 2S 
“35 
> 
i 
\ > 
= 
a 
S 
2 vb © « 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


129 


ing 


ional Draw 


Imens 


iPad Air 2 with Wi-Fi 





16. Device Dimensional Drawings 
16.33 iPad Air 2 with Wi-Fi 


16.33 iPad Air 2 with Wi-Fi 


Figure 
16-38 


= 
Fd 
z 
o 
7 



















































































































































































































































































































































































































































































































































ot 
1?2 FWOS v 
y viza 
= gt-92 [1 r 
2 yd 
nod33% ze*se [1 4 ze°Sb [1 
Eg'e HOLI3NNO3 } | 
- Sg"EI 4 
stone aert xe [i ore xz [7 
"ONT SGV B0v4uns LY Lnoe334 
0 ais WA otet inod3ay NOLIAG WOH woroonaat aise) 
“ONT dav GuYMLAO ONY Adoa_OL 09" e! eg-0 YOLISNNOD suayvaes [1 
: HS04 vaey Incas ONTNIHO 1 
ona OLOBNNOD ONTLYA ion Ince fesiy. 
2 NOLLA@ SWOH 
001 
€ 3 Wos 
9 Tiviaa 
— 3NOZ 1NOd2ay - — 
vuany NOs SOv4uNS_LV 
.0°98 nods 
NOLLNa SWOH [> 
suaivads [1 suavads [1 oo‘er @ 
(A04) 3NO9 Z9vN1 EI eI VBYV BAILOV OBL 
YaBNVO INOS | fo 
cOTTL 
“\ 1) Hi 
BOVAHNS IV VaHy a 
(A032) NOD SONI | ) NOLLNG aMOH [+ 
WeSNVD LNOY|—P 1n0d33y orat 
a core B i (IN Sve a 
og" T 
3NOZ LNO434% Sy % ANO433¥ YNNBLNV 
vaanyao iNoxs—— lo SSY79H3A09 osiz 
ESE B a ge 
VuaNVO Hvay Sw +a! BATIOV 
sie ¢ Tf £02 
1O"E xz LNO#33¥ YNNSLNY 
Ts2@ AWw9S 6I'SI nod344 
NOLLNE 
q tv.aq SNE SNM IOAT =| Pe 
= ea Sy eiest Bl Vesna BY3u asics VusNVO LNOw4 = 
1S78L | y ert [i] zor fz | 
sovauNS LY t Sgt t 
Shao SY i ' eo ; H 
3OVAUNS LY LNOdSay eat DILSWd LONHISHO LON OG pvortr [7 BWMTOAT +) vive [2] sw 1's x2 [E 
Vaan V3 —__-“ioel LAGS YNNSLNY [S Ln0d33) . 
. S oIW 301s cates i— si cores! [E] 
Bry go 3 g8°S21 ati AaU cat ¢ (S30V7d 2) 
wre 9 —f—_} ! SIN By ae —e|fe-9IW S015 Lite BOV4uNS SSv79 VBHV SATLOV f 
ez-et [I NO WISN HLTN VauV AVTASIC IL*EST sw oorz @ [E 
SIH1 LONYISEO. LON 5 
ies 00 LNoda3y VNNSLNV [5) 2 Lr "61 
(AOS) SNO9_3OVT 
vusavo YV3e 
“3789 
NOLLNG 
BHM 73515 
BNOZ LNOd33» 16°8 . 
VuaAv YV3X .0'9B ae | ae a \—rv oo'et ff 
rvese 
11 \t [ ‘2 
NOLLNS 2 - f 
Sucre ayva7da 1S 
oSBL ear 
; TVLSN_HLIM W3u¥ 
aovauns Lv we SIHL LONYLSAO LON OG 
SNoo Sav so" \] E 41NOdI3¥ VNNSLNY [S 
a “WIN HIM SYNSOTONZ LONYLSEO LON 
a A VLBA HLIM SSVT9 LONYLSEO LON a 
NOLLAG BNOH SHL LOMHISEO LON 
GAVALRO VERY Neoe Or (S7V) YOSN3S LHOI7 IN3TENY LONHISEO LON 
HSM4 ve Lnod33y VUSAVO HVS ‘YESANVO LNOH4 #SBYNLVAs ONIDYNL LONYLSEO LON 
aor SUBAVAdS 'MOVT OIONW "SIN HV3Y 'IIN ACIS tSONIN3dO 911SNOIV LONYLSEO LON 
oso o 
‘SALON 











2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
130 





ing 


ional Draw 


Imens 


iPad Air 2 with Wi-Fi + Cellular D 





16.34 iPad Air 2 with Wi-Fi + Cellular 


16. Device Dimensional Drawings 
16.34 iPad Air 2 with Wi-Fi + Cellular 


Figure 
16-39 





Liz 398 | 


























HDIN| (SD + 14- 
Z 4!1V pod! 










































aovauns Ly 
BNOI STV 


4vzg 


SOV4HNS Lv LNodasy 
VHENVO VEE 


Brier & 
Lve h 





(AQ4) 3NOO S9¥WI 
WESAWO INOHS 


OTL 


BQV4HNS 1WV_VaHV 
(A034) -SNO3 39WWI 


136 41VOS 
9 11visa 
BNOZ INOd33y 
VuaAva LNOHS 
0°98 








Yeanvo NOH 
a core B 
BNOZ LNOe33y 
yuanvd INGE 

e6"e o 




















1&2 AWoOsS 
g viviad 


aNOo stv 
S°8L 








(AOS) SNOD_SOVWI 
VESAVO BWSH 


S189 





WA O*bI 
GYVMLNO GNY AGOB_OL 
HSN14 Vaey LAOII3y 





SOvaunS Lv 
SNOD STV GO°Z 





YOLISNNOI ONI LWW [T 











os'o o 






































BNOZ LNOd33% 
VaSNV YVaY .O'SS 


3NOO STV 
SEL 


VY, 
1eé 0 


WA O*bL 
GYVMLNO GNY AGOS OL 
HSnd Wae¥ LNdda3 

YOLISNNOD ONTLVW 








SYBNVSd5, 














EI 





























erst a 











H 











TWLS_HLTM MOGNIM YNN3LNV 
STISWid LONSLSEO LON oa 


LNOd334 YNNALNY [3] 
Be"S21 


















































VY visa 





















































































































































































































































































































































Vv 
site [1 | = 
Seren zersr (7 | 
. Anod3ay } th t 
Eg'E YOLISNNOD 
59°E1 | i 
sett xz [7] ore x2 [ft 
inodaay NOLAE SnOH noe ol S9NN09 
rm 
oat woLSahNog Re suwass [1 
18rd 
NOI _LNOd33> 
NOLLAG SNOH 
2001 
AVLSN HLIM vauy Ssv79 
SIHL LOneiSGO LON oo 
Zovauns 1y LNOd33% YNNBINV [S 
inosaay 
NOLIN SINGH ec'se [5 
. ostrt Bo EbL 
9—+} VaNV BATIOV 08*Z ane S 
NOLLNG SWOH [+] 
190533 or‘or 
oat ¢ fi] -— SSV79NIA09 
LOd334 VNNSLNV 
og 12 
vauy 
VHBAVO BWSY BATLOV 
o¢ TH sw beet [E Tr E0z 
ae 000 xz 
tl ‘0 x 3 Lnodsay 
eine et 4n0a339 YNNSLNY Hea 
—VHSNVS YVSH NoLing 6i'st oa iz 00°obe 
als i BAT IOAT 1 
62°Se YuBNVO LNOHs 
a ph zortt [2] 
oz*O1 $ t 
i VUaINVO UVa ‘ NOLL vusnvo LNous | L 
soit [I SIN ZaIs Eo BAN IOA( =) ¢L'48 [2 _sp2 sw br's xz [E 
£022 
sips sw 00'0 [E] eer 
SIM vad ogtt gS R—SIN SUIS TI'e sov4uns ssv79 VauV SATIOV sw ooz ¢ [E 
sear [i NO TVISN HLM VauV AVIdSIG 1L*ESt 
SIHL LONHISH0 LON 
atte 00 1Nod33y VNNSINY [5 }s—_—c+'691 
NOLLOG 
BAA/ aS 15 
6°8 f : 
<) t—rv ootet fT 
g sZ°Ol o 
| io ave Oi 
Ieee 
rT a, f 
BWM 1S, 
rOre 
Z TW1SW_HLIM V3uV 
10°z STHL LONHLSEO LON OO 
LN0d33% VNNSLNV [5] 
TWLEN HLIM SYNSOTONA LOMLSEO LON od [S 
AVLSN HLIM SSVT9 LONYLSHO LON od [S 
NOLLAG SNOH SHL LONMLSHO LON OG [F 
(SWV1 HOSNSS LHOTT LNSIGAY LONYLSGO LON oa [E 
VUBNVO YV3Y ‘YHSNVD INOHJ :S3UNLV34 ONIOVAI LONHLSEO LON OG [2 
SUAYV3dS "OVP OLONY "SIN HV3Y "IN 3OIS 'SONIN3dO JTASNOOV LINYLSEO LON OG [T 
'SHLON 





o 


2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
131 














te 1} 3NON 

















!4d-1M 
EV?!? |UlwW pod! 








O*b1 GYYMLNO GNY AGOs Ol HSAT 
2VBYV_LMOd334_YOLISNNOD 
ONILVA GS3ONSWNODSY 

















‘oul eddy 





ORLA 








3 with Wi-F 


ini 


2 & iPad mi 


ini 








(NMOHS _YOLISNNOD} 


V3YV_LNOdI34_YOLI3NNOD 
SNILVA G3ONSWNODSY 


“rer 
9°09 
(NMOHS HO.LO3NNOS) fe 
oC 69 O*bI GYVALNO GNY AGOS OL HSN 




















vusnvo 
e.g 























vauv OIW jL 
870 


|} +-u9 tor 


io 


+——o°91 





Tor 















































je— se is 
ez A 2z 
ez ez 
vel Lyre 
VaYV YaNVadS VSuV YaxV3dS 
z 









































az 
8 
fy—— se a6. +9 
ool 
hd 
ver 
4 + 
2191 1002 
= 
if bbb 4 
Forze 
6r0z I 
‘ Vvuanvo 
s a: avo _| vuanvo SN g sv 
Ste sz ¢ 21 Lror 
r. vuanvo 
ay) 
sv 
“ne 
rar) errr >| 


O*b1 GYVMLNO GNV AGoa OL HSN 
VBYV_LNOdI3H_YOLISNNOD 
ONTLVA G30N3WAODSY 












































wave O1anv z +*Lg———+| 
sog 1 ow 
eet 
Si e+} 9" 
idee vauy OIW ad 
zz 
= z 
im T 
40 
BOVauNS LV 
vauv 3NOO_35VINI iP ovr o1any 
VuanVo HV3e e*2 ze gp 
ee 
2t 
3NOI_SOVNI 
VuanVo HV3e 
JO314193dS SS1MHSHLO SSIINT) ‘SELON 
e y 














iPad mini 2 & iPad mini 3 with Wi-Fi Dimensional Drawing 





16. Device Dimensional Drawings 
16.35 iPad mini 2 & iPad mini 3 with Wi-Fi 


16.35 iPad m 


Figure 
16-40 


2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
132 








3 with Wi-Fi + Cellular 


ini 


2 & iPad mi 


ini 


iPad mini 2 & iPad mini 3 with Wi-Fi + Cellular Dimensional Drawing 





16. Device Dimensional Drawings 
16.36 iPad mini 2 & iPad mini 3 with Wi-Fi + Cellular 


16.36 iPad m 


Figure 
16-41 





pe caLvuaNze XN z | € | y 





















































































































































































































































vet} MOM |G 
Te vL9 
os 
sios “er Ste stle 
4OIN} 18D + !4-1M ele , Zz 
!Ulw Dd! (NKOHS 4OLI3NNOD) ; ‘ 
| ER echee Reel "FI GYYALNO GNY AGO OL HSA 4 q =e v 
1VBYWLNOda3y_HOLOANNOD Z oti cavaing: dh NBocces tena ez a) & ez 
ONTLWW CS3GNSANOISY 69 100 ONY Agoe OL Hert ne ae 
: ONTLVA CSGNSANOI3Y VBEV HBYV3dS: VBuV Havas: 
wes ss az 
nx ag a2 
3 ORIEN wr xe fej se ee 29 
| ool g 
af 1 7 ff rer. 
¥at ! ) 
4 J -— 
ves 
Is" 
| ovat rz 
+1 
& — AVEL WIS a 
‘) B19) 1008 
I 
vuainvo 
eng a 
hi (a 
= L } SS _ —— ——— 
vauv SIN VoOAVO 
Bo cath 2°01 VoORVO aw sw 
“W13N HLIM V34V SIHL__ Lo 4°01 B30 slo aol 
2 LOMYISBO LON OG 2 over VoDAVO 5 
ari rar) 
zez— aw 
+88, ania 
rar) hoe errr + 
k LvEL > 
OT GYVALNO ONY AGOA OL HSNI4 7 +*Lg———>| 
3VBYV_LNOda3¥_NOLO3NNOD tror— 
ONILVA GSGNSNNOI3Y e6 
yovr O1GNV ete Aye 
sag : é 
re V3uV SIN ey: 
ze 
i i” 
£0 
a on BES er cit a 
VeaNVO BVaY axe Zia e 
Eg 
2k 
3NO3_3OVNI 
Vago HV3d 
(3141935 3S1NSEHLO SS3INN) ‘SELON 
I & g v 








2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 
133 





16. Device Dimensional Drawings 
16.37 iPad Air with Wi-Fi 





16.37 iPad Air with Wi-Fi 


Figure iPad Air with Wi-Fi Dimensional Drawing 
16-42 





; 
2 
Eps 
‘ 
e 
2 








NOTES: (UNLESS OTHERWISE SPECIFIED! 


RECOMMENDED MATING 


iPad Air Wi-Fi 





NX GENERATED 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


134 


16. Device Dimensional Drawings 
16.38 iPad Air with Wi-Fi + Cellular 





16.38 iPad Air with Wi-Fi + Cellular 


Figure iPad Air with Wi-Fi + Cellular Dimensional Drawing 
16-43 


iPad Air 
Wi-Fi + Cellular 





RECOMMENDED MATING 


























2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


135 





GaLVe3N39 XN z e v 














ve tm} anon |G 








je 4g» 






























































ane . . le— SLE ore Sle 
INKOHS BOLOBNNOO) soe! . 
"FT GYVMLNO AGOG OL_HSAT ee eri2 
1 x VHV_1N0d33¥_YOLSNNOO oO 
zor xx SNAG DAGNE NODS OT GYVMLNO AGOS OL HST mn i Jit ie 
= u WBHVLNOd33y_HOLOSNNOO bs — 
a ONTDYA CSONGNAOI SE fe ai qlee 
scunvnint 7 se1sen0 sa" ez ae 
“oN Tae VauY HEVaeS Vauy YayV3dS 


“ONT F7daV| 



































ith Wi-Fi 


In| W 





‘pu eddy ‘D ORIN bool ze is je-——— +*2g > ool g 


= von - f 
} 
i 
































Z°191 1*00z 























=e 


ee a { "oz 1 { 
‘ U 
car eden swe g L sw 
0's! | aca vuanve *'z B rae 





















































fH—S'e Vaanva 
Lg 





sv 
gre 








































































136 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 








‘eal 
SS 
S fas 
‘ovrOlanv 
zee 
T zt & v 














iPad mini with Wi-Fi Dimensional Drawing 





16. Device Dimensional Drawings 
16.39 iPad mini with Wi-Fi 


16.39 iPad m 


Figure 
16-44 








16. Device Dimensional Drawings 


16.40 iPad mini with Wi-Fi + Cellular 





ith Wi-Fi + Cellular 


Intl W 


16.40 iPad m 


iPad mini with Wi-Fi + Cellular Dimensional Drawing 


Figure 


16-45 





GaLVeSN39 XN 


¥ 





SNON | 


gq “so™ 











Ov + I4-IM 
HLIM INIW QVdI 














“ONT SdaV| 








“ONT J day| 








ORILIN 
































(NMOHS 4OLOBNNOD) 


O*bl GuvMiNO AdOs Ol HSA 


WBHV_1NOd33¥_HOLISNNOD 
ONILVA G30NSAN0I34 


WLAN HLIM 











s9"el 



























































Js ——ore 
oral 
el] ava nis 
ez 






































O*bI GYVMLNO AGO OL HSN 
VBUV_LNOd33¥_YOLISNNOD 
ONILVA GS3ONSANOISY 


CIEE, 


jo "zg 



































-——s mm eS 
ths 
az 
vauv YayVvadS: vauv YayVadS: 


}e-——— "£9 ———»} oor @ 

















sce 





Z'191 





1*00z 














i 
vaanva_| 

















: L sw 
L°Ol sw2ig Lot 
yeanvo vusnva $2 Bo 
cava) 
sw 
ze 
Lise evil | 
Lryet | 





jo +*zg ———-+| 
































vad SIN 
bork] ee 
gre, E84 if jo—et_9'b1 
| t = i 
“0 
































S t q t | ia 
oz tal e2 Qvrolany 
ze Dp 
(031410305 ZSIAWSHIO SSSTNN) ‘GRION 
z e v 




















2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


137 


16. Device Dimensional Drawings 
16.41 iPad (4th generation) with Wi-Fi 





16.41 iPad (4th generation) with Wi-Fi 


Figure iPad (4th generation) with Wi-Fi Dimensional Drawing 
16-46 
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16. Device Dimensional Drawings 
16.42 iPad (4th generation) with Wi-Fi + Cellular 





16.42 iPad (4th generation) with Wi-Fi + Cellular 


Figure iPad (4th generation) with Wi-Fi + Cellular Dimensional Drawing 
16-47 
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16. Device D 


16.43 iPod touch (6th generation) 





6th generation) 


16.43 iPod touch ( 


iPod touch (6th generation) Dimensional Drawing 


Figure 


16-48 
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16. Device D 


16.44 iPod touch (5th generation) 





16.44 iPod touch (5th generation) 


iPod touch (5th generation) Dimensional Drawing 


Figure 


16-49 
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Revision History 


This chapter describes changes to the Accessory Design Guidelines for Apple Devices from the previous revision. 


Added Content 


© Qi Wireless Power and Rear Pockets (page 22) 
e iPhone XS Max (page 93) 

e iPhone XS (page 94) 

e iPhone XR (page 95) 


Updated Content 


e Terminology (page 14) 

¢ Over The Air (OTA) (page 17) 

¢ Near Field Communication (NFC) (page 18) 
¢ Cover Glass Contact (page 21) 

e Taptic Engine (page 25) 

e Magnetic Interference (page 26) 

e Test Procedures (page 29) 

¢ Magnetic Interference (page 40) 

¢ Magnetic Interference (page 43) 





2018-09-20 | Copyright © 2018 Apple Inc. All Rights Reserved. 


142 


« 

Apple Inc. 

Copyright © 2018 Apple Inc. 
All rights reserved 


Terms and Conditions (“Terms”) 


These Guidelines are made available to you for informational purposes only. If you make or distribute any accessory for an Apple device based on or in connection with 
these Guidelines (“Accessories”), you agree to the following covenants, terms and conditions: 


All intellectual property rights in and to the Guidelines, and all technology described therein, are retained by Apple Inc. (“Apple”). You acknowledge and agree that 
Apple is not granting you, and nothing contained herein shall constitute or be construed or interpreted as a grant, by implication, estoppel or otherwise, of any license, 
covenant, immunity, release or right under or with respect to any intellectual property rights of Apple, including without limitation any rights to make, use, have made, 
sell, import, or otherwise relating in any way to any Apple device or technology described in or relating to the Guidelines. 


You agree to follow Apple’s Guidelines For Using Apple Trademarks and Copyrights as published on Apple’s website at www.apple.com/legal/guidelinesfor3rdpar- 
ties.html (“IP Guidelines”) and as may be modified from time to time. You agree not to use the marks “Apple,’ the Apple Logo, “Mac”, “iPhone,’“iPod touch,’“iPad,’“Apple 
Watch,” @ WATCH’ or any other marks belonging or licensed to Apple in any way except as expressly authorized in writing by Apple in each instance or as permitted in 
the IP Guidelines. You agree that all goodwill arising out of your authorized use of Apple’s marks shall inure to the benefit of and belong to Apple. 


You agree to indemnify, hold harmless, and, at Apple's option, defend, Apple against any claims, causes of action, losses, liabilities, damages, fines, settlements, costs, 
fees, and expenses (including attorney and other professional fees and expenses) arising out of: (i) your use of the Guidelines, including without limitation, any claims 
that any Accessory, or the combination of any Accessory with any software, technology, intellectual property, device, apparatus or assembly not supplied by Apple, 
infringes any patent, copyright, trade secret or other intellectual property right; (ii) the manufacture, use, promotion, distribution, sale, offer for sale, import, other 
distribution or exploitation or performance of any product, case, cover, band, charging stand, or other Accessory or product incorporating any Accessory, including any 
personal injury or product liability claims; or (iii) any failure to comply with any of the Guidelines. You will not, without Apple's prior written consent, make any 
admissions of liability, enter into any settlement that imposes any obligation on Apple, or publicize any settlement details relating to Apple. In addition, for any claims 
related to these Terms where you do not have an indemnification obligation, you shall provide all reasonable assistance to Apple and/or its counsel in connection with 
the defense, remedy or mitigation of such claims. 


Applicable laws or regulations may impose additional restrictions or requirements on Accessories or products that incorporate the Accessories. You represent and 
warrant that you are in full compliance with all applicable laws, regulations, and policies in the United States and in any other location in which you engage, in whole or 
in part, in any activity related to the design, manufacture, marketing, sale or offer for sale, use, or other distribution of Accessories or products that incorporate the 
Accessories. You agree to promptly notify Apple of any complaints or threats of complaints regarding products that incorporate the Accessories with respect to any 
such regulatory requirements, in which case Apple may limit or terminate your ability to make, sell or purchase additional Accessories. 


You expressly acknowledge and agree that access to the Guidelines is at your sole and entire risk and that you are solely responsible and liable for any harm or damage 
to any Apple product arising out of any breach by you of these covenants, terms and conditions. THE GUIDELINES ARE PROVIDED “AS IS” AND WITHOUT REPRESENTA- 
TION, WARRANTY, UPGRADES OR SUPPORT OF ANY KIND. APPLE AND APPLE’S DISTRIBUTORS, AFFILIATES, LICENSOR(S) AND SUPPLIER(S) (“APPLE PARTIES”) EXPRESSLY 
DISCLAIM ALL REPRESENTATIONS, WARRANTIES AND CONDITIONS, EXPRESS OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES AND CONDITIONS OF MERCHANTABILI- 
TY, OF SATISFACTORY QUALITY, OF FITNESS FOR A PARTICULAR PURPOSE, OF NON-INFRINGEMENT AND OF ACCURACY. NONE OF THE APPLE PARTIES WARRANTS THAT 
THE GUIDELINES OR ANY ACCESSORY WILL MEET YOUR REQUIREMENTS, THAT DEFECTS IN THEM WILL BE CORRECTED OR THAT THEY WILL BE COMPATIBLE WITH 
FUTURE APPLE PRODUCTS. NO ORAL OR WRITTEN INFORMATION OR ADVICE GIVEN BY ANY APPLE PARTY OR AN APPLE AUTHORIZED REPRESENTATIVE WILL CREATE A 
WARRANTY. 


EXCEPT TO THE EXTENT SUCH A LIMITATION IS PROHIBITED BY LAW, IN NO EVENT WILL ANY APPLE PARTY BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, 
CONSEQUENTIAL, EXEMPLARY OR PUNITIVE DAMAGES, INCLUDING LOST PROFITS, LOST REVENUES OR BUSINESS INTERRUPTIONS, ARISING OUT OF OR RELATING TO 
THE GUIDELINES UNDER A THEORY OF CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), PRODUCTS LIABILITY OR OTHERWISE, EVEN IF ANY APPLE PARTY HAS 
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, AND NOTWITHSTANDING THE FAILURE OF ESSENTIAL PURPOSE OF ANY REMEDY. IN NO EVENT WILL THE APPLE 
PARTIES’ TOTAL LIABILITY TO YOU FOR ALL DAMAGES AND CLAIMS UNDER OR RELATED TO THE GUIDELINES EXCEED THE AMOUNT OF USS50.00. 


These Terms will be governed by and construed and enforced under the laws of the United States and the State of Delaware, except that the arbitration clause and any 
arbitration hereunder shall be governed by the Federal Arbitration Act, Chapters 1 and 2. The United Nations Convention on Contracts for the International Sale of 
Goods shall not apply to these Terms. All disputes arising out of or in connection with these Terms shall be finally settled under the Rules of Arbitration of the Interna- 
tional Chamber of Commerce by one arbitrator appointed in accordance with such rules, and shall be conducted according to the International Bar Association Rules 
on the Taking of Evidence in International Arbitration. The arbitration shall take place in San Francisco, California. The arbitration shall be conducted in English. The 
award shall be rendered within six months of the commencement of the arbitration, unless the arbitrator determines that the interest of justice requires that such limit 
be extended. 


